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SUMMARY 


(1) This bulletin describes different types of wet land in Oregon, the 
need and value of drainage for each type and experiments to determine 
the most suitable depth, distance apart, and sizes for field drains, as well 
as methods of installation and cost, and also gives information regarding 
the drainage situation in Oregon in general. 

(2) There is in the State a great variety of wet lands of which three 
classes are easily chief; namely, white Jand, marsh land, and alkali land. 
Drainage of much of this wet area appears to be feasible, as good quan- 
tities of plant food and friable layers have been found therein. 

(3) The aim in drainage should be to get the most drainage at the 
least cist, to secure the highest possible efficiency for every hundred feet 
of tile employed. 

(4) Subsoils are more important than surface soils in determining 
drainage qualities of land. A study should be made of subsoil and ground- 
water conditions and the drains sjo located as to encounter excess water 
in the most porous layers. 

(5) Studies of subsoil and ground water in white land generally show 
a friable streak of 33 to 36 inches depth and show also that tile placed in 
these areas have lowered the water table most promptly. The water 
table is lowered for 25 to 30 feet back from the tile within twenty-four 
hours after saturation. 

(6) A depth of about 36 inches and distance between tile lines of 60 
to 66 feet has been found most effective for lateral drains in typical white 
land, while deeper drains are desirable in the less retentive areas. 

(7) Experiments indicate a suitable depth for tile to be 4 feet and 
distance of 80 feet for tide land; while in irrigated lands, as in Malheur 
Valley, drains 8 to 9 feet deep have controlled the water table, a distance 
of 660 feet laterally. 

(8) Measurements of outflow in Willamette Valley indicate that main 
drains should have a capacity of '/3 to VY acre inch run-off to the acre 
in twenty-four hours for areas up to forty acres and one-third inch for 
larger fields as the total percentage run-off in the Willamette Valley is 
large. On the Coast 34 inch to one inch is a suitable drainage coefficient. 

(9) Since drainage is costly and white Jand subsurface is retentive, 
farm operations should aim to aid water in entering the tile. When 
drained fields are in clover, a larger outflow from tile and less surface 
water have been observed, and the structure and fertility of the land 


gradually improves, 
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(10) Reports from farmers having over four hundred miles of tile 
in operation in the white land and other wet land in Oregon, show that 
tiling has generally been suécessful here. 

(11) The tendency is toward farger tile in place of small open ditch- 
es. A combination of tile with a surface run frequently is good practice. 

(12) Nature has determined the general location of ditches, and the 
size of the natural channel is an index to the required capacity. The 
grade should be low enough to receive the discharge from all laterals. 

(13) Careful construction will return good interest by lessening main- 
tenance fees. 

(14) The farmer should study subsoil and ground water conditions 
in wet areas and then view out a full system of drains with the aid of a 
level, if necessary. The system may be installed in units, the most 
necessary parts first, but it is best to order tile in car lots. The farmer 
should make a study of drainage so that he can superintend and inspect 
his own work. He should sketch the tile lines installed and note results, 
extending the system as needed. 


Farm Drainage 


By 
W. L. POWERS and WARD CRETCHER 


INTRODUCTION 


No other state offers a greater variety of drainage problems than 
does Oregon. There are about half a million acres of marsh land to be 
reclaimed on the coast, in the lake counties, and along the Lower Colum- 
bia and other streams. There are seeped lands in the hills of Western 
Oregon and in the irrigated valleys of Eastern Oregon, and there are 
alkaline lands both under irrigation and in the virgin state which it is 
feasible to reclaim at present. There are perhaps two million acres of 
wet land in the Willamette Valley and other valleys of Western Oregon 
that will be greatly improved by under drainage. In this valley in early 
spring, thousands of acres of land are too wet to work and in late sum- 
mer the same lands are baked, and bear only one-half the crop that they 
could be made to yield by drainage. Altogether, there are in Oregon at 
least three million acres of wet land that can be reclaimed or greatly 
improved by drainage. This is an area larger than that reclaimable by 
irrigation in Oregon; an area equal to one-third of the total land an 
farms, or about one-half of the improved land in farms in the State, as 
given by the last census. Few people realize the great importance of 
drainage in the development of the farm lands of Oregon. Based on an 
increase in crop returns of $10 an acre, the increased production due to 
drainage would add $30,000,000 to the annual agricultural production, and 
over $100,000,000 to the permanent land value of the State. Drainage 
of our wet lands will become of increased importance with more inten- 
sive development of the agricultural resources and increase in the intrin- 
sic value of the surrounding naturally drained upland. 

The first tile drains laid in Oregon, placed about forty years ago in 
the vicinity of Scholls, are still working. The practice of drainage has 
spread until we now have records of over four hundred miles of tile 
drains in Oregon, about ninety-eight percent of which are in successful 
operation. The Oregon Experiment Station has been a consistent advo- 
cate of farm drainage and has conducted experiments, published articles, 
and given assistance to farmers and districts in laying out their drainage 
systems. The State Drainage Association was organized in 1915 and a 
inodern District Drainage Law secured, so that in recent years the use 
of tile for farm drainage has rapidly increased. The Experiment Station, 
in cooperation with districts, has made during the past few years soil 
and topographic surveys of five hundred thousand acres included in 
proposed projects. Fifty drainage districts are being organized and a 
dozen others have been found feasible. Feasibility of drainage for any 
given area depends upon location, demand for land, time and cost of 
reclamation, soil fertility, and the practicability of engineering features. 


Lands needing drainage in Oregon are generally well supplied with 
plant food and are mostly located where there is a remarkably long 
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growing season. They are generally within reach of market and free 
from timber or rock. It is believed that much of this wet land will now 
pay a better rate of interest on the total investment if drained, and the 
time seems ripe for extensive drainage development. Our wet and arid 
areas offer the main opportunity for expansion of food-producing areas 
and of increasing our rural population. When any given area is reclaimed 
it adds to the wealth-producing area of the State for all time. 

The aim in designing a drain system should be to get the most drain- 
age at the least possible cost and to secure the highest possible efficiency 
for each hundred feet of tile employed. This bulletin is written to des- 
cribe the progress of drainage in this State, to point out the best meth- 
ods to follow as indicated by experimentation and experience, and to 
advise and encourage the increasing numbers seeking information along 
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Fig. 1. Amount and distribution of wet land and of precipitation in Oregon. 


the line of land drainage. The demand for information on land drainage 


has been heavy and the supply of the previous bulletin on this subject 
has been exhausted.* 


I. SOILS AND SOIL WATER AS RELATED TO DRAINAGE 


Wet Scils. Soil and water are the two substances we deal with 
primarily in drainage. Soil is composed of small particles irregular in 
size and shape, thrown together promiscuously. The pore spaces between 
the particles are continuous, forming innumerable finely divided chan- 
nels which are occupied by either air or water. In a well-drained soil 


*Powers, W. L., and Teeter, T. A. H. Drainage of White Land and Other é 
in Western Oregon, Oregon Agri. Col. Exp. Sta. Bul. 137 (1916). ips 
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the small particles form in clusters, being held in place by cementing 
material present in the soil. This increases the pore space and there- 
fore the usable moisture and air capacity. In wet, undrained soils, the 
cementing material that might have held the goil particles in clusters 
has been dissolved and the finer particles of soil are filtered into the 
interstices between the larger particles, making a minimum of pore 
space for usable moisture and air. Soil in this condition is more imper- 
vious. The arrangement of a soil in good tilth is similar in structure to 
popcorn balls, while the poor soil structure resembles concrete, 

Subsoils are more important, from a drainage standpoint, than are 
surface soils. Subsoils are usually finer in texture; and hard-pan, shale 
ridges, or other impervious strata are apt to occur, which cause ponding 
and interfere with the movement of free water through the soil. Fine- 
grained, impervious soils are more difficult to drain, due to hard layers 
through which the water will not move as fast as it is received. Sandy or 
gravelly layers in the subsoil offer channels through which seepage 
water will move and in which drains may be placed to collect excess 
water. The chief wet soils of the State are: the white land of the 
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Fig. 2. Effect of drainage on roots and drought. 


Dayton Soil Series, the peat and muck soils of the marsh, tide, and 
overflowed areas, and the alkali areas of the irrigated sections. | 

“White land” is the local name applied to the most important wet 
soil type in the State. It occurs chiefly in flat prairies of the Willamette 
Valley and is used for pasture or spring oats. Sorrel, tar weed, velvet 
grass, and dog fennel thrive on wet areas of this type. Physical analyses 
class this soil as silty clay loam. Physical analyses of white land made 
by C. V. Ruzek at the Oregon Experiment Station are given below. 


TABLE I. PHYSICAL COMPOSITION OF WHITE LAND FROM DRAINAGE PLOTS 


Soil sample Fine Course Medium Fine Very fine Silt Clay 
gravel sand sand sand sand 
% Te % % Tc Te % 
Surface gray silty clay loam WS 2 1.70 0.54 1.46 10.44 68.78 19.86 
Subsurface, Dlwe: -clay.-2...---------.- 0 00 0.48 6.54 6.52 9.92 44.89 338.64 
Subsoil yellow silt loam .........-...-- 0.00 0,.84 1.04 4.18 16.60 58.79 17.45 
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The surface soil is underlaid with an impervious subsurface layer of 
blue clay, which hinders percolation. Below this there is a yellow silt 
loam subsoil. This soil is easily puddled, and such practices as contin- 
uous grain farming, wet plowing, or pasturing in wet weather, have 
ageravated this condition and developed a “plow sole” or compact layer 
just below the furrow slice. The type is closely associated with the 
brown valley loam which occurs in elevated, naturally drained places on 
these prairies, the deep subsoil of both types being very similar. The 
color of this wet land is light gray before reclamation, but a darker 
color develops with drainage and constructive treatment. A soil survey 
of a white land area north of Salem disclosed the fact that 39 percent of 
the area was typical white land, 36 percent loam, and the remainder an 
intermediate phase. 

Chemical analyses show a uniformly good total supply of potash and 
phosphorus with only a moderate amount of nitrogen or active humus. 

A sample of white land collected a short distance north of Corvallis 
was analysed by Mr. E. J. Carpenter under direction of the Station 
chemist, Prof. H. V. Tartar. The composition of the soil was found to be 
as indicated in Table II. 
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Professor Tartar found the lime requirement to be 1124 pounds of 
ground limestone to each acre foot, and the nitrogen content rather low, 

The reaction of this soil being acid,-liming is beneficial. Experi- 
ments of several years have worked out with a fair degree of definiteness 
the methods to follow whereby successful drainage, which is the key to 
improvement of this soil, may be accomplished. Reclamation of this 
type is given special attention later. 


Peat and muck form the main body of the more important marshes. 
‘hese organic soils are light in weight and very porous. “Beaver dam” 
is a local name for peat soil and explains its origin in places in the 
Willamette Valley. Variations in respect to depth and amount of inor- 
ganic materials are important points in the drainage of these soils. 
Deep peat occupies the central part of marshes and is freauently formed 
from a rank growth of tules or marsh grass. Such soils respond readily 
to drainage. Shallow peat may be underlaid with silt or clay, making it 
less attractive and more difficult to drain. Wire-grass, sedges, and flags 


Fig. 4. View of laterals, Oregon Experiment Station. 


commonly grow on such land. Where there is fair depth of partly de- 
composed vegetation mixed with mineral material, forming a muck soil, 
thorough drainage may be necessary for complete reclamation. Such 
soils are likely to be better balanced in plant-food supply and generally 
justify reasonable expenditures for drainage. The vegetation on such 
muck, soils is frequently grasses, mint, and rushes. Chemically, these 
soils in Oregon usually have an acid reaction and the mineral elements 
may be lower than average so they may respond to treatment with lime, 
manure, or potash. Such soils are rich in nitrogen and humus and, 
when drained, can generally be made very productive. The greater part 
of the marshland on the coast is fresh-water marsh near stream outlets. 
A soil survey of Warner Valley* made by the major author for the Re- 
eclamation Service discusses drainage conditions in a typical area of this 


*Whistler, J. T., and Lewis, J. H. Warner Valley Rept. Ore. Co-op. Works, U. S. 
Reclamation Service, 1916, 
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and. Considerable drainage development is taking place in the peat 
soils of the State. 

Alkali soils occur in the native state or develop from irrigation due to 
accumulation of weathered soluble salts by evaporation of soil moisture at 
the surface. The chief remedy for arid soils so affected is drainage, as it 
affords a means of washing these salts down and out of the soil. The 
texture of alkali soils ranges from light loam to heavy clay loam. The 
former type usually bears mixed sage and salt grass or some greasewood 
(Atriplex). Where underlaid with porus layers a few feet from the sur- 
face these soils are drainable. 

The heavier soils may be flushed off where outlets are close at hand, 
but at higher altitudes these greasewood lands are often too heavy, 
rough, and alkaline to be very attractive for reclamation purposes at 
present. Drainage of typical areas of alkali lands are fully discussed by 
the writer in soil surveys of the Ochoco*, Silver Lake* and Malheur* 
projects. 


Soil Water. The soil water dealt with in drainage is the free water 
which moves by gravity to lower levels or fills the larger pore spaces, 
causing soil to be water-logged. Most field crops do not flourish with 
their roots in saturated soil. If this water is kept moving or is “live 
water” and contains some air, crops can tolerate it more or less in the 
free state. If the water table is near the surface indefinitely the plant 
roots will not grow into it or, if the water table rises near the surface, 
the plant roots already in the subsoil will be rotted off. In a wet climate, 
excess water comes from the sky more directly, while in irrigated 
lands, it has been stored and seeps off through gravelly strata, damaging 
the low lands. In drainage, we must deal with excess rather than 
average rainfall. 

The rate of flow of soil water depends mainly on the head or grad- 
ient, relative porosity of soil, and temperature. In Table III, summar- 
ized from United States Geological Survey data, the velocity of flow is 
based on a fall or grade of 100 feet to the mile, a porosity of 32 percent, 
and temperature 50 degrees F. 


TABLE UT. RATE OF FLOW OF SEEPAGE WATER AS AFFECTED BY SOIL TEXTURE 


Kind of soil Diameter of soil Velocity 
grains In feet per day In mi. per pr. 

mm, ft. m1, 
Mery fine sand) =n... 0.01 0.0038 0.00026 
Fine AIG Aw 0.05 0.0923 0.006388 
Miedinim, “saridie nese eee 0.10 0.3690 0.02551 
Coarse sand ..... oe 0.25 2.3050 0.1594 
Fine gravel ___. 0.50 9.2240 0.6377 
Silt; 2 1.00 36.9000 2.551 


mainly in capillary form. Wet soil may dry and bake quickly after rain, 
for in its water-logged condition there is a minimum amount of pore space, 
and such a soil does not retain moisture well in time of drought. In the 
wet soil, cementing materials which should hold the soil particles in 
clusters are dissolved; the film attraction being eliminated the soil struc- 
ture is broken down and the pore space reduced. Drainage removes the 


*Whistler, J. T., and Lewis, J. H. Ochoco Rept., Silver Lake and Malheur Rpts 
Oregon Co-op. Work, U, S, Reclamation Service,1915. a 
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Fig. 6. Typical section of white land showing effect of tile on water table. 
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excess water and makes room for more usable moisture. Excess water 
finds its way to the tile drains through the line of least resistance in the 
soil and enters between the ends or “joints.” This process of drainage 
does not leave the soil without moisture but simply removes the excess 
and makes room for more usable moisture and some air. The tile simply 
remove the gravity water to a level below the root zone, and from this 
level capillary water may be supplied to the soil above. It is therefore 
practically impossible to overdrain a soil, since capillary water is not 
affected by drainage except as to the distance it must rise. 


Benefits of Drainage. The primary object of drainage is to remove 
the excess water. (1) This enables crops to root deeper, and a larger 
soil layer is thereby provided in which to store usable or capillary soil 
moisture. (2) This deep rooting and improved moisture condition cause 
the soil to become more mellow and friable. The soil is then cultivated 
with less difficulty and expense. (3) Drainage encourages aeration by 
emptying the pore spaces which are filled with water, thus making room 
for soil air. The presence of air in a drained soil aids decay, nitrification, 
and the liberation of plant food. (4) Drainage makes the soil warmer be- 


Surface 


ound Water Curve 
60 


100. 


Fig. 7. Section showing relation of depth to distance. 


cause moisture which would otherwise evaporate from the surface and 
chill the soil moves off through the drains. (5) The soil is dried out earli- 
er in the spring, enabling the farmer to plant his crop earlier with a cor- 
responding increase in the length of the growing season. (6) It prevents 
erosion by making the soil more absorptive. Each foot of fairly dry 
soil will absorb from one to three inches of water when given time, 
which greatly reduces surface run-off. (7) Drainage prevents the heav- 
ing or freezing out of the clover and grain on wet land. (8) Drainage 
prevents the rise of alkali on irrigated land. (9) In addition, drainage 
improves sanitary conditions and aids transportation and highway im- 
provement and general development of the country. Timely drainage 
increases crop yields and land values and is one of the most permanent 
improvements that can be put on land. 


Il. TYPES OF DRAINS AND THEIR LOCATION 


Definition of Parts. A single line or string of tile has an upper end 
or head and a lower end or outlet. The finished tile base at each hub 
stake or station is called the grade; the slope of this line, usually ex- 
pressed in fall for each hundred feet, is the gradient. A drainage system 
will have a main, or a line of large tile which serves mainly as a con- 
ducting drain and which receives the discharge from sub-mains and 
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laterals. The laterals are usually single lines serving mainly as collect- 
ing drains and they are frequently arranged in paraJlel systems. 

Permanent shallow open ditches or surface runs in the field should 
be made to follow fences or direct lines as much as possible. They may 
be kept in grass and be used to remove the flood water in case of extreme- 
ly heavy storms, after which underdrains will remove the excess water 
from the subsoil. 

Intercepting or cut-off drains are drains laid at the base of a slope to 
collect the water that the heavier subsoil layers are carrying onto the 
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Fig. 8. Plan of drainage plots, Oregon Experiment Station. 


flat land. More frequent use of this feature is advisable; it is better to 
keep the water off the land than to suffer the damage. 

Open ditches might be made for outlets where a large volume of 
water is to be handled, but there are several very serious objections 
them and their use is to be avoided wherever possible. 

Types of Drainage Systems. For ordinary field crops on undulating 
land, natural or random systems of drains are used following the natural 
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depressions of the land and diverging like the frame of a tree. Parallel 
systems are well adapted to the drainage of flat-lying land situated with 
a gentle slope in one plane. Long parallel laterals give the least amount 
of double drainage with less expense for junctions and large tile. It is 
often convenient to have the laterals run parallel to the fence lines and 
to the dead furrows so that supplemental surface drains can be provided, 
and the land given a slight slope toward the drains. Vertical drainage 
is only practical where there is wet land with a tight subsoil and then 
a coarse layer underneath through which water will pass. A vertical 
drain can be made of small wells, lined with a column of drain tile sur- 
rounded with gravel, and covered below reach of the plow, making a per- 
manent passageway down through the impervious layers. See Fig. 30. 
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Fig. 9. Hydrograph showing mean daily rainfall and outflow, Experiment drains. 


The Location of Drains. A complete drainage system for the whole 
farm should be tentatively planned, at least a complete system for the 
watershed considered. It may be installed in units as time and means 
permit and can be developed so as to afford more thorough drainage as 
general economic conditions come to justify a higher state of improve- 
ment. 

In locating drains, best authorities consider it good practice to lay the 
main in the line of natural drainage where the water collects; for the 
surface and subsurface strata will convey the water to these depressions. 
On our flat lands, the laterals should run in the line of greatest slope; 
and long, parallel laterals should be used where possible. The tile lines 
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should be run straight or with gradual curves. This makes them easier 
to construct; easier to locate in later years; is an actual saving in tile 
and labor and increases the capacity of the tile by reducing friction. 
The drain system should be planned to reach the source of excess water 
and convey it away as directly as possible. Plans should be made to 
handle a maximum amount of water with a minimum number of tile, so 
as to get the highest possible efficiency out of every hundred feet of tile 
employed. 

An experienced drainage engineer may add five percent to the 
cost and as much as fifty percent to the efficiency of a system. 

Preliminary Studies. When planning a drainage system begin at the 
outlet and determine, by usa of the level, the depth the drain can be 
placed and have a free discharge. All leveling data should be referred 
to a permanent bench mark. Make test pits with a post hole auger or 
soil auger at frequent intervals as the examination proceeds upstream 
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Fig. 10. Profile of alkali soil and water tables, Malheur Valley. 


and observe the character of the subsoil to determine how deep to put 
the drain so it will be in the most free-working soil. (See Figs. 8 and 
14.) The occurrence of underground water can be noted and any seepage 
water traced to its source to determine whether it appears under or over 
any hard layers of soil. The drains can then be designed to intercept 
and convey this water away as directly as possible. A few range poles or 
lath should be set at points in the field through which it is desired to 
have the survey for the drains pass. A preliminary survey may be made 
to decide on the best possible outlet and determine the lay of the land. 
A series of level readings taken across the field in both directions or 
around the field will usually disclose variations in nearly flat areas. 
A contour map of a wet farm having irregular topography would be very 
desirable in planning the system. 

Because drainage is a rather expensive improvement and some soils, 
like the white land, are rather slow to respond to drainage, it is neces- 
sary that we locate our drains so as to facilitate the entrance of water 
into the tile in order to make the drainage enterprise thoroughly profit- 
able and successful. 


I. DEPTH AND DISTANCE APART FOR TILE 


Relation of Depth to Distance. In a uniform porous soil, greater 
depth will permit greater distance apart. In such a soil suppose a 4- 
foot depth would permit a distance of 100 feet apart. If the depth is 
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cecrecsed to 3 feet, the distance would have to be decreased to approx- 
imately 60 feet as shown in Fig. 9, so as to lower the water table to 
the same depth at its highest point between the lines. This is the 
principle to bear in mind in designing depth and distance, where either 
depth or distance is limited by the factors discussed hereafter. 


Factors Affecting Depth and Distance. (1) The character of the 
soil and subsoil is perhaps the most influential factor affecting depth 
and distance apart. It is evident from previous discussion that water 
moves more slowly through the heavier soil and it must not be required 
to move as far. A closer spacing is necessary and with it economy de- 
mands less depth. The presence of impervious layers as already des- 
cribed makes it necessary to place the'tile above or below this stratum 
depending on the location of the water. 
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Fig. 11. Tile-laying tools and samples of tile. (Courtesy Wisconsin Experiment Station.) 


(2) The amount and distribution of rainfall! during the growing 
season determines how much water is to be removed. Large amounts 
of water require more access to drains. 


(3) The nature of the crop to be grown may affect the depth for 
drains. Grasses and other shallow rooted or water-loving plants do not 
require deep drainage. Corn and other grain crops require more pro- 
tection. Legumes like alfalfa and clovers need good deep drains. 


(4) Depth of outlet may limit the depth of drains. This frequently 
is the case in tide lands and occasionally in flat areas in the Willamette 


Valley, 
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Experiments Relating to Depth and Distance. Numerous experi- 
ments have been conducted to determine suitable depth and distance apart 
for tile. 


Fig. 12. Cyclone ditcher. 


A series of laterals, 60 feet apart and from 2% to 4% feet in depth 
were installed in white land near Albany in 1908 by the United States 


Fig. 13. Buckeye trencher. 
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Office of Drainage -Investigations. Observations have indicated that 
no advantage has been derived from the deeper tile. A study of the 
water table indicated that for two days after heavy precipitation, the 
deeper drains were less effective than those laid 33 to 36 inches deep. 
This is probably due to the fact that the most pervious stratum in the 
white land section occurs at 33 to 36 inches. 


Fig. 14. Starting a ditch in tough sod. 


The Oregon Experiment Station installed an experimental tile sys- 
tem on white land at Corvallis. All laterals were laid 33 to 386 inches 
deep and in four series of 25, 50, 75, and 100 feet apart. The results 
given in Table IV show that the greatest efficiency was obtained by the 
50-foot spacing. Although a greater yield was obtained by the 25-foot 
spacing the cost of drainage was twice as much. 


Fig. 15. WHauling and distributing tile. 
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Winter barley under similar conditions OS: on undrained land 
produced about 16 bushels an acre. 

An experimental tile system installed in tide land at the branch 
experimental station near Astoria, has been previously described.* In this 
system series of laterals were arrdnged at 50-, 75-, and 100-foot intervals. 
With the greater spacing a greater depth was used, the depth ranging 
from 3 to 4 feet. Observations have been made by Station Superin- 
tendent Engbretsen of water-table outflow and yields. Results have 
indicated that the 4foot depth and 80-foot spacing gave adequate drain- 
age where that depth of outlet could be secured. Where only 3-foot depth 
of outlet is available a 50-foot spacing is recommended. 


Conclusions Regarding Depth and Distance. Experiments with heavy 
soils of the Dayton Series or white lands indicate that a depth of about 
36 inches. and a distance of 60 to 66 feet is the best practice. A closer 
spacing will doubtless give increased yields, though even a wider spacing 
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Fig. 16. Profile of main drain, Experiment Station Plots. 


is profitable. The soils classed in soil survey work as Amity are some- 
what less difficult to drain and will be drained by lines 36 to 40 inches 
deep and 80 feet apart. They range from white land, described above, 
to the brown loam soils of the valley benches, which are often im- 
proved by drainage at a depth of 42 inches and a distance of about 100 
feet. In.this brown soil tile lines can frequently be arranged in a natural 
or random system following up the swales and depressions. 

Black clay or “black sticky” is best drained by use of intercepting 
or foothill ditches, and an outlet drain and surfacing and perhaps inlets. 

The new valley fillings along the small streams in Western Oregon 
classed as loam to clay loam need drainage, and, in this work, the foot- 
hill or intercepting drain is an important feature just as it is in drainage 
of seeped hill lands with mottled subsoils. : 


~ *Powers, W. L. The Improvement of Marsh Lands in Western Oregon. Ore. Agr. Col. 
Exp. Sta. Bul. 157, 1919. 
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Tide land at the branch experiment station at Astoria has been ef- 
fectively drained by tile placed 80 feet apart and 4 feet deep. 

In these Jands the depth may be limited to the depth of outlet ob- 
tainable. 

Peat soil used for onicns and other intensive crops -will justify 
drainage lines at 50-foot intervals and 4 feet deep, although for ordinary 
field crops temporary drains in these lands may be open ditches 200 to 
800 feet apart and 5-feet deep.* Such soils are subject to shrinkage and 
require deeper drainage to.allow for this. 

In humid sections the mistake is more commonly made of putting 
drains too far apart or too shallow than otherwise. 

The drainage of irrigated land is a matter of intercepting seepage 
water and of lowering the water table in the whole locality. It is nec- 
essary to get the tile in the most porous or water-bearing strata, which 
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17. Perspective sketch showing use of grade lath. 


may occur at a depth of 7 to 10 feet. The aim should be to lower the 
water table below the capillary limit of the soil, or say 5 feet below the 
surface at the highest point so that alkali will not be drawn to the sur- 
face. The distance will depend on the topography and soil and subsoil 
conditions and may be 20 to 80 rods apart in such sections as Malheur 
Valley and 9 feet deep. The drains must be placed where they will 
effectively catch the out-cropping water; the relief well (Fig. 33) may be 
necessary to bring the water up to within reach of a tile line. Where 
thick impervious chalk subsoil occurs as in Klamath Basin it may be 
necessary to use deep intercepting drains as far as possible and then 
closer spacing with lines on the hard-pan. 


IV. CAPACITY FOR DRAINS 


The capacity of drains refers to the amount of water they will dis- 
charge and in effect how much land a certain drain will serve. The 
chief factors affecting tile capacity are (1) grade, (2) size, and (3) 
roughness. 


Grade for Drains. Grade, although not absolutely fixed, is limited 
by the topography or slope of the land. The question most frequently 
asked by farmers is, How little grade can be used? The answer is, As 
little as .05 foot per 100 feet for large tile. But care must be exercised 
that drains with no fall are carefully laid to grade. It is more econ- 


*Poweis, W. L., and Johnston, W. W., The Improvement and Irrigation Requirement 
of Wild Meadow and Tule Land. Ore. Agr. Col. Exp. Sta. Bul. No. 167, 1920. 
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nomical to obtain more grade even at the expense of deep cuts. A good 
average grade obtainable is about .1 eoey per 100-feet for mains and 
.2 foot or more for laterals. 

Grade is a very important factor in fixing capacity. Capacity is al- 
most directly proportional to the grade and varies as the square root of 
the grade. For example, a drain with a grade of .1 foot per hundred has 
just half the capacity of a drain with a grade of .4 foot per hundred. The 
latter drain will serve approximately twice the area as the tile with .1 
grade. Economical drainage design will therefore demand all the fall 
that can be obtained on land requiring drainage. There is very little 
danger of too much fall. 


Size for Drains. The size of a drain is the inside diameter in inches. 
It is the last thing to be determined in drainage design. Size is de- 
termined by the following factors. (1) Slope of the drain, as already 
explained. (2) The size of the area each drain has to serve. (3) The 


= . 
Fig. 18. Finishing trench and laying tile, Fig. 19. Laying large main drain, Oregon 
Oregon Experiment Station. Experiment Station. 


drainage coefficient, or the depth of water to be removed; technically 
defined as the depth of water, in inches, over the area to be removed per 
24 hours. 'This coefficient must be large enough to give the degree of 
drainage required; i. e., large enough to care for the heaviest rain that 
probably will occur in the farming season. Insufficient drainage may be 
due to lack of sufficient drainage coefficient. Drainage coefficient is de- 
termined by a consideration of factors of which the following are the 
more important: 

(a) Rainfall, its amount, intensity and seasonal distribution. Con- 
sider the amount of rainfall that occurs during the season of cultural 


operations. 
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(b) Soil exerts considerable influence on the run-off coefficient. 
Under proper conditions of drainage tilth and crops a soil will absorb 
from 1 to 3 inches of rain providing it has had sufficient time to rid itself 
of the previous rain. 


(c) Slope of the underdrained area may be such as to hasten sur- 
face run-off before the water has had time to percolate into the tile. 
Gentle rains permit more absorption if under-drainage is afforded. 


(d) Frequent spacing of laterals affords more access to drains and a 
larger maximum outflow: would be expected from a given area. The out- 
flow coefficients recommended for different conditions are: For Dayton 
and Amity soils and other low-lying flat land of the Willamette Val- 
ley, % to % inch. For coast sections the coefficient may vary from 
34 to 1 inch, depending on the rainfall of the locality. For irrigated lands 
the coefficient must be sufficient to include all the seepage water that 
is likely to reach the drain. Since there may be a large yield in parts of 
the field, drains of ample size will be economical and usually should be 
sufficient to handle 1/6 to 44-inch coefficient. 


Roughness. Roughness in a tile line may reduce the capacity of the 
line considerably. For this reason ill-shaped tile should be rejected, the 
tile should be carefully abutted, and the line run as straight as possible. 


Computing Size of Drains. For computing the size of drains three 
factors must be determined in each case: (1) the size of the area to be 
served by the drain, (2) the slope of the drain as determined by the 
survey, and (3) the drainage coefficient described above. Use of Kutter’s 
modification of the Chazy formula is recommended for computing the 
size of drains, especially for the sizes ranging from 6 inches upward. 
It follows: 


( 41.66 + .00281 + 1.811 ) 
Ss n 
von avis 
pilieae Ue Afar 00281) na 
l = 
In which v=the velocity of flow in feet per second. 
s==the slope or fall in feet per foot. 
n=the coefficient of roughness. E 
4—hydraulic radius in feet—the cross-section area of stream 
divided by the wet perimeter. 


The solution of this formula will appear difficult to those unaccus- 
tomed to the work, yet it is the simplest form in which it can be used. 
For this reason Table V (page 20) is submitted, which is based on this 
formula and which is sufficient for farm drains. Interpolations for any 
size and grade within the range can be made between sizes and grades 
with sufficient accuracy. 

Though there are many other formulas in use for determining drain- 
tile capacities, Kutter’s formula gives a lower capacity than any of the 
others, which is good assurance that it is a safe formula to use. Elliott’s 
formula* gives much larger values for the smaller tile and soinewhat 


*C. G. Elliott, Engineering for Land Drainage 1919 Ed. YP. 1010. 
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larger for the larger tile. Recent elaborate investigations* have resulted 
in the development of an experimental formula, which also gives larger 
values. 7 

The experiments of recent investigators indicate that the acreage 
given in Table V might be increased by 50 percent for the 4- and 5-inch 
tile. | 


V. PROCURING TILE a 


After sufficient data have been gathered to inform the farmer how 
much tile and what sizes are needed, a tile bill should be prepared. 'The 
bill should include all specials, such ag “‘Y’s’” for making junctions and 
vitrified sewer pipe for outlets, if these are deemed necessary to protect 
from frost. ; 


Clay tile should be well burned, cylindrical, and straight. An un- 
broken tile will give a characteristic ring when struck with a piece of 
metal. ‘Since clay shrinks on burning, over-burned tile will be smaller 
in dimensions. Good tile are durable, easily laid, and last indefinitely 


under proper conditions. 


Fig. 20. Filling tile ditch with road grader, 


There is generally a slight curve or hump in clay tile which can be 
used advantageously in making slight turns in a line of tile; or if this 
humped side is placed up the top edges of the tiles will fit close together. 


Concrete tile have come to be used extensively for drainage pur- 
poses during the last decade. They have an advantage where good clay 
is not obtainable. Concrete tile should be made of a proper mixture, ma- 
chine tamped, and carefully cured. The wet-mixture process is pre- 
ferred and larger sizes should be reinforced. Dense tile of rich mixture 
are more resistant to alkali. 

Clay or concrete Tile. Almost any advantage of either material over 
the other may be offset by nearness to consumer. The chief differences 
are: Concrete tile are somewhat subject to disintegration in sections 
where alkali is present. There is less chance of deterioration where 


*Varnell, D. L. and Woodward, S. M. The Flow of Water in Drain Tile, U. S. Dept, 
of Agric., Bul. 854. 
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made very dense and of good material. Concrete tile are somewhat 
heavier than clay tile of the same size, which makes for a higher freight 
rate. Concrete tile will improve in strength with age. Concrete tile are 
slightly more uniform, since clay tiles shrink and become slightly irregu- 
lar during burning. All tile seriously defective should be rejected at the 
factory; reliable manufacturers cull their product properly. 


Specifications for Tile. The tile bill should not only contain the sizes 
and number of tiles wanted but some agreement must be included by 
which to reject bad material. If there is any choice as to materials 
from which tile are made it should be stated in the order. 

For the purpose of standardizing requirements of all such materials, 
a society known as the American Society for Testing Materials, composed 
of specialists and manufacturers, has compiled “Standard Specifications 
for Drain Tile.”’* in which are set forth definite methods of testing for 
several characteristics and the requirements to be met in each. Three 


Fig. 21. Outlet and wier. 


classes of drain tile are provided for: (1) Farm Drain Tile, for ordinary 
private drainage work on farms for moderate-sizes and depths. (2) 
Standard Drain Tile, for ordinary district drainage, (3) Extra Quality 
Drain Tile, where an extra quality is required. 

The first class is sufficient for ordinary farm drainage as described 
in this bulletin except where the greater depths are recommended. In 
this case the better grade of tile (Extra Quality) should be specified. 
The following statement attached to the order should bind the seller and 
protect the purchaser and is only fair to both. 


“This order shall include only such tile as meet the specifications and physical require- 
ments set forth by the American Society for Testing Materials, serial designation C4-16 for 
drain tile of ihe class of Farm Drain Tile (or other of the three classes as desired).” 

This throws the responsibility onto the man who has the best oppor- 


tunity to know the quality of the material in question. 
The tile bill of sizes and quantity with the foregoing statement of 
quality can be submitted to reliable manufacturers for bids. 


*“American Society for Testing Materials’ Standard Specifications for Drain Tile 
Serial No. C4-16. 
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VI. CONSTRUCTION OF UNDER-DRAINS 


When to Tile. The best season of the year to drain wet lands in 
Western Oregon is from April up to July. Earlier than this, excess 
water and heavy rains will interfere and later in the season the soil 
becomes dry and hard so that it is more expensive to work. “Beaver 
dam” and marsh land will be least subject to excess water in later sum- 
mer, while the irrigated land may contain less excess water in early 
spring before irrigation begins. 


The Permanent Survey. While the entire drainage system should 
be planned before construction begins, it is useless to set grade stakes 
for more drains than can be installed during one season as these will be 
plowed out or tramped out by animals and will need to be replaced. 
Where the system is small and there is a fall greater than a foot to each 
hundred feet, the drains may be successfully laid by water grade, the 
amount of tile needed being estimated by chaining or carefully pacing out 
lines to be installed. 


Fig. 22. Concrete silt basin. 


After laying out the general plan of the system, hub stakes are 
driven at regular hundred- or fifty-foot intervals beginning at the outlet. 
These hub stakes should be about two inches square and twelve to 
eighteen inches in length, so as not to be easily disturbed. They are set 
in a line at the side of the proposed tile line, and driven flush with 
the ground. Guide or guard stakes are numbered according to the num- 
ber of hundred feet from the end of the line or outlet; they are driven 
in front of the hub, leaning toward the head of the drain. 
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The survey gives the relative elevations of the hub stake, and a 
profile provided by the engineer will give the depth of cut below each 
hub. 

While the data are fresh in mind or before the tile are hidden, a 
sketch should be made of the tile lines, showing their length, depth, and 
distance apart. A compass can be used to locate the bearings of different 
tile lines, and permanent landmarks such as trees and property corners 
should be referred to so that any part of the drain system can be located 
in after years. Maps may be simple but should be definite. A memo- 
randum of the items of*cost should be filed with this map. 


Getting the Tile. The survey should determine accurately the num- 
ber of feet of tile required for the units of the drain system which are 
to be immediately installed. After the size of the tile is decided upon 
for the different lines, a tile bill may be prepared and bids secured. If 
freight is involved the tile should be ordered in car-load lots and should 
be hauled directly from the car to the ditches, being distributed along 
the trenches within reach of the tiler when standing in the trench. 
(Fig. 20). 


Fig. 23. Rush cutter. 


Digging the Trench. Where there are many long parallel lines of 
tile to install, a trenching machine may be employed.* The wheel type 
of machine may be secured by a district or contractor. Where labor is 
scarce and where deep drainage is not required, horse-drawn ditchers 
may save money. 

The use of the plow in starting the trench is favored only in tough 
sod where the work is done by unskilled hand labor. A trench 33 to 36 
inches deep can be provided by removing two courses with the tile spade 
and should be started about eleven or twelve inches wide at the top. 


*Yarnell, D. L. Tile Trenching Machinery BEE = yates re] A 
1131, 1920. g Machinery, U. S. Dept. of Agric., Farmers’ Bulletin 
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In starting the ditch, a guide string is stretched on the ground at one side 
of the stakes. At bends a one-fourth-inch rope should be laid on the 
ground in a smooth curve. An eighteen-inch, square-pointed tile spade is 
commonly used for removing the first spading. The trench should be 
kept straight and the sides smooth and plumb. A good spademan will 
set the spade a little angling and will not need to trim the side of the 
trench much with a spade. A skilled worker will not leave much loose 
dirt in the bottom of the trench. Crumbs left in the trench should not 
be removed until the second spading is to be dug, if the weather is dry. 
A round-pointed shovel can be used to remove this loose dirt, after which 
the second spading is dug within an inch or so of the proposed grade. 
For removing the second spading, some workmen prefer a round-pointed 
tile spade, which makes the trench a little narrower at the bottom. The 
grade lines should be set before the second spading so that in no case 
will the ditch be cut below the proposed grade line. The last inch or 
two is taken out with a shovel and tile scoop, leaving a smooth, firm tile 
base rounded to support the tile. 


Fig. 24. Oregon Agricultural College Experiment Station plots before draining. 


The Use of the Grade Lath. In order to dig a trench to grade or 
with a finished straight tile base between the calculated grade points, 
it is best to use a gage line and gage stick, as shown in Fig. 20. The 
depth to dig at each station is calculated from the top of the hub 
stakes. Grade laths to carry the grade line are set over each hub stake 
at a uniform and convenient distance above the proposed tile base. A 
line is stretched over these grade laths and is a uniform distance above 
the proposed grade line and parallel to it. If the gage line is set four 
feet above grade the ditch should be trimmed out until a four-foot 
gage stick will just reach from the wire to the bottom of the trench when 
held in a vertical position. To set the grade lath at a proper height 
subtract the depth of the cut from the length of the gage. Grade laths 
may be set across the ditch or at one side with a cross arm extending out 
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even with the near edge of the trench. A No. 18 gage galvanized wire 
makes a good gage wire, as it is light and strong as well as durable. 
In cutting through high ridges, a longer gage may be required. The 
gage wire must be kept tight. 


Laying the Tile. Tile laying should start at the outlet and proceed 
up stream just as soon as the trench is finished to grade. A careful 
workman can be selected to handle the tile scoop and shovel just ahead 
of the tile layer. A, tile scoop should leave a firm tile base and a little 
running water will help .to make the tile base smooth. A carefully 
finished trench facilitates laying. The trench should be U-shaped at the 
bottom to give a supporting surface equal to about % the circumference 
of the tile. The grade should be tested for every length of tile and the 
pieces should be placed in a straight line with the long side up so that 
the joints fit tightly at the top side and are nearly flush at the lower 
inside edge. An opening of one-eighth inch is allowable, but larger 
openings should be covered with fragments of broken tile called “bats.” 
The tile may be rotated to fit, imperfections in the tile being taken ad- 


Vig. 25. Oregon Agricultural College Experiment Station plots after draining. 


vantage of in making slight turns. Ill-shaped, cracked, and broken 
pieces should be discarded. Where quicksand or muck causes a soft 
bottom in the trench, it is best to lay the tile on a board. Clay, burlap, 
or straw may be used to prevent quicksand entering the joints. Curves 
can be fitted by chipping off the inside edge of the tile carefully with 
a chisel and hammer. ‘The Y’s can be constructed, but it is best to order 
these when ordering the tile. Inspection of the drains before back filling 
should be made to see that no inferior pieces have been used, that there 
are no wide joints which appear unprotected, and that the tile are laid 
true to grade. If there is no running water, a level can be used to test 
the line at frequent intervals for dips or swells in the grade. If muddy 
water is encountered in the trench, it may be dammed up and held back 
until it can be passed through the tile in quantities sufficient to avoid 
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Fig. 26. Open laterals in peat, Clatskanie. 
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silting. Where the ditch banks are unstable, curbing may need to be 
used. The tile should be blinded in each evening. Precautions should 
be taken against damage by storms at night during construction. 


Filling the Trench. After inspection, tile are blinded by a workman 
who stands beside the trench and shaves mellow dirt from the sides of 
the ditch with a spade. A layer of mellow dirt three or four inches 
deep prevents the tile getting out of line. Plowing off the shoulders of 
the trench with a plow that is equipped with long eveners, will put the 
surface soil in the lower part of the trench. Other tools used for filling 
trenches are light road drags, or light road graders (Fig 24). Filling 
is more readily done before the dirt has become compact and settled. 


Tiling contracts have been frequently let in the Willamette Valley 
at 30 to 60 cents a rod. The contractor usually furnishes the tools and 
the landowner furnishes the tile along the proposed drain. Whether 
board is to be provided and whether the trench is to be completely filled 
should be stated in the agreement. The contractor is usually required 
to begin at the outlet, lay true to grade, and pursue the work with due 
diligence. Arrangements are frequently made for securing pay for a part 
of the finished work during construction. 


Outlets. It is of primary importance that the drainage system have 
a good outlet. Where the outlet is submerged, the velocity of the out- 
flow is checked and sediment is apt to collect and clog the drains. The 
water should have a free spillway at the outlet. A partly submerged 
outlet can be kept clear where there is considerable volume of water and 
velocity of flow if a barrel or box is provided for collecting sediment and 
is cleaned out perhaps twice a year. The submerged outlet, however, is 
not desirable, as the land will never drain below the level of the water 
in the outlet. ; 

The outlet pipe or tile may be vitrified or a corrugated culvert may 
be used. Such material is not affected by freezing or tramping of 
animals. To prevent rodents entering the tile, the end of the outlet 
should be screened, as in Fig. 26, with quarter-inch iron rods placed per- 
haps an inch apart. Where the outlet is submerged at times, an auto- 
matic flap gate may be provided which will be hinged at the top so as to 
close during times of high water or when the drainage ceases in the 
summer. A small bulkhead should be provided at the outlet to force the 
water to run out through the tile instead of cutting out around it. This 
will also retain the earth bank and serve as a monument to mark the 
location of the outlet. The footing should extend out below the tile to 
form an apron on which the tile may discharge without causing erosion. 


Silt Basins. Silt basins are small cisterns or manholes in the 
drains extending to the surface from a foot or more below the tile grade. 
These are usually provided in fence corners where two or more lines of 
tile join, or where the grade of the tile is decreased. Silt basins afford 
a means of collecting and cleaning out silt; they help to collect surface 
flood water quickly, prevent the drain from becoming clogged and may 
sometimes be arranged to afford watering places for the stock. Silt 
basins also permit inspection of tile and may increase the head of water 
on the outlet drain in time of high water. A small silt basin can be con- 
structed by placing a twelve-inch sewer tile, having the required outlets, 
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on end. For larger silt basins, brick or concrete may be used. See Figs. 
OE BHI! BRS, 

At the Experiment Station it has been found convenient to construct 
silt basins or manholes of concrete (see Fig. 22). For the outer form the 
soil is used, and the inner form is made of staves like a silo, one of the 
staves being beveled so it can be removed after the concrete has set. 
The form makes the manhole five feet deep and three feet in diameter 
with a twenty-inch opening in the top, which may be covered with a 
concrete lid. The walls are about four inches thick. The tile lines are in 
place when the silt basin is constructed and the form sets tightly against 
the tile emptying into the silt basin. A surface inlet to the silt basin 
may be provided. The water should be screened and brought in on a 
grade to prevent roiling the sediment with the water in the silt basin. 
A few cubic feet of gravel or broken tile in the trench will make a fair 
inlet at the head of the drain. 


Fig. 28. Dry-land dipper dredger. 


Junctions. The laterals may be constructed perpendicular to a main 
drain, excepting laterals which will discharge a large amount of water. 
Laterals which drain 3 acres or are 1000 feet long or over should join 
a main with a curve of five-foot radius so that the connecting tile 
will make an angle as small as 45°. The center of the lateral opening 
into the main should not be below the center of the main so as to pre- 


vent, as much as possible, the water from a main backing into the 
laterals. 


Obstructions. The principal obstructions to tile are small animals, 
roots, and silt. Protecting all exposed ends of the tile system with 
screen or broken pieces of tile will prevent small animals entering. 
Roots of trees, such as willows, elm, tamarack, and soft maple, are 
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troublesome. Cultivated plants, such as alfalfa, grape vines, and kale 
also give trouble where spring water runs in a tile line throughout the 
growing season. Water-loving trees within twenty or-twenty-five feet of 
the drain should be girdled or cut down, or the tile can be cemented at 
the joints where the drains pass within this distance of the trees. Silt 
will be less troublesome in large tile. Small tile must be laid true to 
grade to prevent trouble, and if the lower inside lines of the tile are 
flush the carrying capacity will be greater and friction will be less. 


To locate obstructions, dig holes in several places over the tile. <A 
tile map and an end-gate rod will be of value in looking up and probing 
for tile lines. Below the obstruction the water will not rise in a dug 
hole but will fall away into the tile. Above the obstruction the water 
will rise and stand in the hole. The tile can be uncovered above and 
below the obstruction and can be cleaned out with a jointed sewer rod 
or by use of a long, limber pole or wire cable that is frayed out into a wire 
brush at the end. 

A tile line to be permanently successful must be given some at- 
tention. Inspection and cleaning out of outlets and silt basins should 
take place at least twice a year—in the fall before the rains begin and 
again during the highest water of the season. 


VII. DRAINAGE COSTS AND PROFITS 


The cost of drainage varies greatly with the kind of soil, size of tile, 
thoroughness of drainage, method of construction and labor conditions. 
First of all, the number and size of the tile required must be determined 

‘before a definite estimate cf cost can be made. 


TABLE VI. APPROXIMATE PRICES AND WEIGHTS OF TILE 


Size Price per Weight per Average No. of ft. 

In. 1000 feet foot car-load per ton 
Mar. 30, ’21 lbs. ft. ft. 
Srareomats paid $39.00 4% 7500 400 
A cnepeheceices: = $50.00 6% 6500 334 
Dreieieatein ees $65.00 9 5000 250 
Gime doctegitiene $104.00 11% 4000 182 
hed cue nubian $178.00 18 2400 111 
MNGi castctehe $260.00 . 25 1600 80 
NO eereayetan ore 33 1000 60 
A A yeow avis G8 ses 43 800 56 


It may be necessary to make an allowance for freight in addition to 
the prices indicated in Table VI. Thirty thousand pounds is a minimum 
weight for a car-load of tile, and the average weight is about forty thous- 
and pounds. As tile are rather bulky, a ton makes a fair wagon load. 
About five hundred four-inch tile or about two hundred six-inch tile can be 
hauled at one load. Two men with wagons when hauling to the same 
field can assist each other in loading and unloading. 


Trenching. Digging the trench, laying the tile, and blinding in with 
three or four inches of mellow dirt commonly costs, in the Willamette 
Valley, from forty cents to a dollar a rod. The latter price frequently 
includes filling the trench. Reports (1914) on tile drains aggregating one 
hundred miles of tile that had been placed in the Willamette Valley 
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showed that the average cost of digging and laying for each rod was 
thirty cents. The cost of digging and laying varies greatly with the 
kind of soil, size, and depth of tile and difficulties encountered, as 
shown in Table VII. 


TABLE VII. APPROXIMATE COST PER ROD OF DIGGING TRENCH, LAYING TILE, 
AND BLINDING 


Depth in feet 


Size of tile in inches 3 4 5 6 
LEE RRR EE Ps Ie Teens Boe ae $U.6U $1.00 $1.60 $2.40 
Ey iva hai ial oicei Gclree oi ssiie sensual orans spetep acter sUnic\elat slelisy s 0.70 1.10 1.70 2.60 
Garonne eclich lerelocs cheer snsvete nals etetsieietcNePenetopene 0.80 1.20 1.80 2.70 
sae Pry er Crt G RRM R TO OK ees OO SA EO AE 0.90 1.30 1.90 2.80 

MOM erences htee a oesae he atonatsten suedelsnetcustenenereneieMenet ones 1.00 1.40 2.00 2.90 
BON Se ChB eT ALO 6 CN CRE OG EO HOO LO LL 1.50 2.10 3.00 


Filling the trench with a plow or road drag has been done locally 
for ten to twenty cents for each hundred feet. Where the filling must 
be done by a more laborious process, it may cost twenty to twenty-five 
cents a hundred feet. To these items should be added 5 percent for 
surveys and superintendence, or 10 percent including outlets, silt basins, 
tools, and miscellaneous expenses. 


GIR ERS 


Fig. 29. Surface run. 


The tile required for each acre, if laid in parallel lines and four 
rods apart, will be forty rods or, if six rods apart, thirty rods of tile 
will be required, At a total cost of one dollar a rod for laterals, this 
would mean forty dollars an acre for thorough drainage of the wettest 
areas on the farm. It rarely happens that more than 25 percent of the 
wet farms will require such thorough drainage. More frequently, 
wet swales or springy spots are drained with a random system of tile 
lines, making it possible to work the whole field at one time as well as 
increasing the production of the low area. In order to direct attention 
more fully to the cost and profit connected with drainage, a few typical 
examples of actual costs and results from different sections of the State 
are here given. 


Results from Tile Drainage in Oregon. A drainage system was 
installed on a 72-acre field of white land one mile south of Albany by the 
United States Government in 1908. From three- to ten-inch clay tile were 
used, and the depth varied from three to four and one-half feet; the 
distance apart was purposely varied from sixty to one hundred fifty feet. 
Grades ranged from .2 to .5 foot for each hundred, and the entire 
cost of draining the seventy-two acres of land was $1,929.60, or $26.80 
per acre. Drainage has made it possible to raise clover on this land, 
and the amount of underdrainage is gradually increasing each year. The 
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system is declared a success by the owner of the tract, who estimates 
that the land is actually worth now for farming purposes four times what 
it cost previous to being drained. 

Nearly twenty-five years ago, a drain system was installed in a 
white land area on the College farm at Corvallis under the direction of 
Professor French. The professor states that before being drained this 
area was so wet that it produced little but wild oats, tar weed, sorrel, 
and cat tails, Since it was drained, yields have steadily increased; last 
season, about five tons to the acre of clover hay was produced. The 
drains have paid for themselves over and over and are more effective 
today than ever. 

Project No. 40 is installed near Troutdale. The field contained seven 
acres of peaty loam too wet to farm and producing only a marshy 
growth, providing a little pasture. The drain system installed included: 


Tile, 5000 feet, 3-inch, 4-inch and 65-inch, costing........ $129.00 
Eero vem Oiliierueecttecst iene a teste soma tonsieie Geena cre) cherersne™ “aa ors ~ 22200: 
Hauling of twelve loads at $2 a load 24.00 
Digging 306 rods at 380 cents a rod 91.80 

(LOCA meet nen te maters ek colistaiies <r Bec sha.ncenahevenatehessnclehe eure rchiates se $244.80 


This cost is $34.97 an acre. 

The owner states that until drained the field was not worked on 
account of wet places. The drain system was installed in 1912 and the 
following winter the main ran full for several days at a time. The 
following year, according to the owner, the piece produced $176 worth of 
potatoes to the acre. In 1914, this same field threshed out sixty-four 
bushels of oats to the acre. A stand of clover has been secured which 
was impossible before draining. The owner says, “We have received 
full returns already for our investment.” 

Project No. 43, an alkali area, is located in Crooked River Valley 
three miles east of Prineville. Before this land was drained, it was 
regarded as practically worthless because of the presence of alkali in 
the soil. Four acres of black loam were drained with the following 
costs: 


We enmel 0 Omrheebmererettays ter swepstanat cues vec tebe tenets’ ayoweroksier tue taco ics teens $35.00 
reso nts cronies LOLiand COR Redmon oo) ae cists ee sell cabal ye enceina 72.00 
TALIM CLL Se COMrATICMmansweyoratshedeers cistsucher cic! snnwexciicasy chedereus! oo svenessneastele 7.50 
TH ADOTESOVOTIE GAY S (AU... Ot RsasnsU Acastaredstetshaa ial cue cske rape.) ova sors onsueewexeuene 14.00 

ARON celal maa ee One kn cho a 6 bho Ob cra coca O bike a ICRENeT Gs caric $138.50 


This cost is $34.63 an acre. 

These figures are given by the owner who states: 

“The tile were laid 60 feet apart and 3 feet deep and easily drained at 
that distance. If placed 4 feet deep and 100 feet apart the tile would have 
drained six acres instead of four. We were unable to get the latter 
depth owing to difficulty in securing an outlet for that level. Securing 
the tile in car-load lots would have reduced the expense to $89 or $22.25 
an acre. 

“Before the land wag drained the crop in 1914 for the four acres 
was twenty bushels of barley or five bushels an acre. The crop in 1915 
for the four acres was 278 bushels of wheat and barley or 69% bushels 
an acre. Placing a value of eighty cents a bushel on this crop the re- 
sult is $222.50, which, less the cost of draining, $138.50, equals $83.90 net 
gain this year from the above operation. From these results, we firmly 
believe that tile drainage is an unqualified success. This four-acre tract 
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we tiled only as an experiment, and we intend to drain forty acres 
more as quickly as possible. There are few investments which pay so 
well.” 


Profits from Drainage in Oregon. Timely drainage usually pays in 
increased crops and increased land value. Those who have drained say 
that it pays. The writers have examined the greater part of the tile 
systems in use in the Willamette Valley and other parts of Oregon and, 
while a few drains in use are too small or poor depth, or have been poorly 
constructed, we fail to find a tile system properly installed in the Wil- 
lamette Valley which has not been successful. Tile drains usually im- 
prove in effectiveness for years. If properly installed, they should add 
value to the land equal to their cost. The profits from drainage are 
large, drains frequently paying for themselves within a few years. It 
therefore costs money to hold wet land. Most of our wet lands, partic- 
ularly in the Willamette Valley, will pay a better rate of interest on the 
total investment if drained. Drainage is a permanent improvement; it is 
the fundamental step in the improvement of our wet lands; it makes 
rotation with soil-building crops possible and constructive soil treatment 
effective. 
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Vertical drain conducts surface water through impervious soils 
to porous strata below. 


Fig. 30. Vertical drain. 


VIN. FARM OPERATIONS THAT AID DRAINAGE 
RECLAMATION 


Experiments with Drained Land. The plan of drainage plots (Fig. 
8) shows the general plan for studying the effect of different soil treat- 
ments for improving the drainage qualities of the land included in 
the drainage experimental tract on the Station farm. It is planned to 
seed the whole field to one crop each year and to employ a three-year 
rotation; namely, spring barley, followed by clover, one crop a year, 
then a cultivated crop, such as corn. The value of lime, manure, green 
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manure, and combinations of these treatments, is to be tried out on 
duplicate plots and check plots. 


In the new experiment field, the value of straw as compared to 
gravel, cost and effectiveness considered, in helping the water to enter 
the tile, and the effects of each, will be measured and judged by the 
comparative yield and the relative amount of run-off. 


Operations that Aid Water in Entering Tile. The following things 
can be done to aid the tile in collecting water in retentive soils. (1) In 
draining a saucer-like area, lay out the protecting drains so as to collect 
seepage water or surface water before it gets onto the retentive soil. (2) 
Use surface inlets in the upper side of the field or at points where the 
surface water is apt to run onto the heavier soils; also in the lower 
points in the field, if necessary, to permit water to pass down into the 
drains. (3) After laying and binding the tile, allow the trench to remain 
open a few weeks, if possible, so air can come in contact with the sub- 
soil and cause it to slack and crumble. (4) In filling the trench, put in 
sod or straw and then the top soil immediately over the tile. Straw 
will decay, thereby increasing the open space, whereas gravel may silt 
up. Where the grade is steep, however, gravel would protect tile from 
washing out better than straw. Put the sticky, sub-surface soil, if it is 
used, in the top of the trench. (5) Plow the land deeply when it is dry 
enough to crumble. (6) After draining, lime will become more effective 
and will aid in mellowing the soil. (7) Drainage and liming will, in 
most cases, make it possible to raise clover on the land. Clover roots 
will penetrate the drained soil and will be of great value in loosening 
up our valley land so that water can pass through and get into the drains. 
(8) Where possible, plow the land so that the dead furrows will fall 
directly over and parallel to the laterals, giving the surface a slight slope 
toward the laterals. Surface water that collects in these dead furrows 
will pass into the laterals more readily. If it remains on the surface 
temporarily, catch basins can be provided that will aid it in passing into 
the drains underneath. 


Treatment for White Land. Clover should be grown on heavy land 
like our white land about every third year in rotation with grain and 
cultivated crops or similar crops. A decidedly large relative outflow has 
been observed in the wet season following a clover crop, and on such 
fields water has stood to a lesser extent. With manure and clover 
plowed under once in each rotation, the yields of these crops on our 
white land can be built up to compare very favorably with the naturally 
drained brown loam soil in this valley. 


Treatment for Peat Land. Peat marshes can be burned off to dispose 
of the rank vegetation when there is moisture enough to protect the soil 
from burning out. The use of a rush cutter, as shown in Tig. 23, will 
facilitate disposing of rushes on low land. This native growth can be 
largely replaced by cultivated grasses and clovers to supply pasture and 
forage until the native vegetation is subdued. The cultivated crops may 
depend on altitude, but rank-growing crops which are hardy and and re- 
sistant to excessive moisture, such as rye, oats, field peas, or barley, 
can be used while the sod of the newly broken marsh is decaying. Open 
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ditches for laterals will frequently be used during this process (see Fig. 
26), and as the marsh settles more permanent drains will be put in, 
which can be extended as needed to perfect the drainage, so that more 
intensive cultivated truck crops can be grown. 


Treatment for Alkali Lands. Alkali land, after being drained, can be 
somewhat improved, where water is available, by flushing off accumu- 
lated surface salts by late fall irrigation. Shallow open ditches may 
help remove heavy alkali crusts. In two or three seasons, careful 
handling will usually remove the alkali sufficiently so that by deep 
plowing hardy crops such-as rye or sweet clover can be established. It 
may take from one to three years to complete the reclamation of these 
lands, depending upon the amount of alkali and the retentiveness of the 
soil. Such crops as rye or sweet clover plowed under will supply humus 
and nitrogen and loosen up the soil so that moisture conditions may be 
more readily controlled. During the process they may provide some 
return in the form of pasturage. The alkali lands when thoroughly re- 
claimed are usually strong in the necessary plant foods and suitable 
for alfalfa and the other staple crops of the region. 


Fig. 31.  Inlets. 


The treatments above described are calculated to assist in loosening 
up and aerating the drained soils and to assist water in entering the 
drains provided. Legumes and manuring crops suggested will also sup- 
ply humus and nitrogen, which are ingredients none too plentiful in much 
of the white land and irrigated and alkali land. This treatment would 
pave the way for cash crops, make it possible to get the highest possible 
efficiency out of the drains installed, and render the enterprise thoroughly 
successful and profitable. 


The Open Ditch for Drainage. The primary object of open ditches 
is to afford an outlet for tile drains. The ditch should be deep enough 
for the tile outlets; i. e., six to eight feet below the general level. The 
width should be sufficient to afford the required capacity based on the 
slope, area, and run-off coefficient. In no case except in raw peat should 
side slopes be steeper than one to one, and in sandy soils it may be 
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necessary to use a slope of one to two. The waste bank must be thrown 
well back and perhaps leveled. The dredge is used in outlet ditch con- 
struction. Such a ditch is shown in Fig. 28. 

It is difficult to provide such ditches except where several land- 
owners are interested and will organize a drainage district. The dis- 
trict law provides that each parcel of land shall pay in proportion to the 
benefits received. It is a businesslike way of accomplishing the drain- 
age of large areas of flat land or where tile outlets are not available. 


Large Tile. The present tendency is to use large tile instead of the 
small open ditch. A broad, sodded surface run for surface run-off used 
in combination with a tile for under drainage is often good practice. 
Tile drains as large as twenty-four inches are used. The extra cost of 
tile is more than offset by the use of the land over the tile, which is 
the best-drained part of the field, and by the saving of cost of main- 
tenance of open ditches. The open ditch costs slightly less at first, 
but this is more than offset by the following disadvantages: 


(1) It occupies valuable land which if tiled woul be tillable. 
(2). Divides fields, making parts inaccessible. 

(3). Harbors weeds, plant diseases, and mosquitoes. 

(4). A small open ditch is difficult to maintain. 

(5). Requires bridging and fencing in many cases. 

(6). Unsightly. 


If open ditches are used, some of the disadvantages may be offset 
by observing the following principles: 


(1). Follow property lines wherever possible. 


(2). Construct the ditch of ample size and to a regular grade such 
that it will be self-cleaning as far as possible. 


(3). Follow straight courses or regular curves, so as to avoid 
trouble from erosion and silting. 


(4). Consult a good engineer if the ditch is of any size or length. 


DISCHARGE OF WILLAMETTE VALLEY STREAMS 
By 
FRED F. HENSHAW 


District Engineer, United States Geological Survey of Studies in Co- 
operation with Oregon Experiment Station, Department of Soils. 


The Water Resources Branch of the United States Geological Survey 
in November, 1920, established four gaging stations on streams in the 
Willamette Valley, the discharges of which are of interest in connection 
with drainage enterprises. 


Oak Creek hag a drainage basin lying almost wholly within the con- 
fines of the valley floor, and its discharge can be used in studies of drain 
capacities. 'The Calapooia River basin is about equally divided between 
valley and foothills. Long Tom River and Muddy Creek draw a larger 
portion of their flow from area outside of the valley floor, but both 
streams have in places a rather flat and tortuous channel which must 
eventually be improved to provide adequate vapacities to keep flood 
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Fig. 32. Outlet. 
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waters off their bordering lands. Data in regard to the run-off of each 
of these streams are presented below. More complete data can be fur- 
nished by the Portland office of the Water Resources Branch of the 
United States Geological Survey. 


LONG TOM RIVHR NEAR MONROE, OREGON 


Location. At highway bridge in Sec. 21, T.14S., R.5 W., 1% miles north 
of Monroe, below all tributaries. 


Drainage Area. 400 square miles, mostly valley and eastern foothills of 
Coast Range. 
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Channel Capacity. 2,200 second-feet at 7-foot stage above which over- 
flow occurs. Increase about 500 second-feet per foot rise at 7 feet; 
1,500 second-feet per foot rise at 10 feet. 


Maximum Discharge. Highest stage during winter of 1920-21 was 11.1 
feet on December 12, determined from high-water marks, discharge, 
6,900 second-feet, or 17.2 second-feet per square mile. Floods of Jan- 
uary 1 and 6 reached a stage of 10.3 feet, discharge 5,320 second-feet. 


Flood Profile. The following profile of the extreme high water along the 
lower portion of the river was obtained by leveling to high-water 


mark. 

PROFILE OF 1920-21 HIGH WATER ON LONG TOM RIVER 
Se iecaton - Distance 7 " Elevation of cal 
from mouth highwater Fall . 

mi. ft. ft 

Highway bridge in Monroe 11.8 278.7 
Gage in sec. 21, T. 14, S., R. W. 9.9 270.5 1.9 
Satmeaesecy 16, To 14 8.) Rind) IW. 9.2 267.3 3.2 
Siow 24 secedt0, T. 14 S., R. 5 W. 8.1 265.4 1.9 
5.5 258.0 7.4 


Side channel, in S. E. “A> See. GYAN HE, Nes Se lee Ae 


Total fall 20.7 feet in 6. 5.3 niles. or 3. 04 feet per mie River channel cannot be ma- 
terially shortened. 


MONTHLY DISCHARGE OF LONG TOM RIVER NEAR MONROE, OREGON. PERIOD 
ENDING MARCH 31, 1921. 
(Drainage area 400 square mules) 


Discharge in second-feet [ Run-off 
a ; - =e ; a | “Depth a 7 

Month Max, Min, © Mean Per sq. mi. | on drainage area ‘otal 

in acre ft. 
Nov. 13-30 5,160 168 2,720 6.80 4.55 97,100 
Dec. 6,500 1,480 2,840 7.10 8.19 175,000 
Jan. 5,320 1,070 2,880 7.20 8.30 177,000 
Feb. 3,960 1,190 2,470 6.18 6.44 137,000 
March 2,550 500 1,070 2.68 3.09 65,800 
The period f 80.57 652,000 


MUDDY CREEK NEAR CORVALLIS, OREGON 


Location. At highway bridge in Sec. 29, T. 12 S., R. 5 W., 3 miles south 
of Corvallis. 


Drainage Area. 120 square miles; mostly. foothill area. 


Channel Capacity. 540 second-feet at stage of 10 feet. Increase 
about 80 second-feet per foot of rise at 10 feet, 400 second-feet per 
foot of rise at 15 feet. 


Maximum Discharge. Highest stage recorded during winter of 1920-21 
was 15.5 feet on November 19 and December 12, discharge 1,700 
second-feet, or 14.2 second-feet per square mile. Flood of January 5 
reached a stage of 15.4 feet, or 1,660 second-feet. 


Flood Profile. The following profile of the extreme high water along the 
lower portion of the river was obtained by leveling to high-water 
marks. 
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PROFILE OF 1920-21 HIGH WATER ON MUDDY CREEK 


ie Fall 
Eocution, Present | Rectified) high 
channel | channel ay 
é mi. ft. ft 
Near Bruce station, on Tp. line between 
Te salisweand) laa. 20.6 12.7 258.1 
Highbridge in sec. 8, T. 18, S., R. 5 W. 10.7 6.7 242.9 15.2 
Gage at bridge in sec. 29, T. 12 S., R. 
5 W. 3.7 3.0 234.7 8.2 
Mouth 0 0 228.2 6.5 
Total fall 29.9 feet in 20.6 miles or 1.45 feet per mile. Artificial channel, cutting 
t bends, would reduce distance to 12.7 miles, or 62 percent of original distance. 


Relief Well: Pentrates pervious strata and permits the entrance of water into the 
drainage system that otherwise woulc penetrate the lower lying soil, 


Fig. 33. Relief well. 


MONTHLY DISCHARGE OF MUDDY CREEK NEAR CORVALLIS, OREGON 
PERIOD ENDING MARCH 31, 1921. 
a Ss) 


ar 12 qu 
| Discharge second-feet Run-off 
Month 

| yt | Min, | M | Per sq. Depthon | Total 

ones rainagear 
in. re f 
N 00 1 423 33) 3.93 20 
D 580 36 47 6.2 rast 46,000 
34 77 6 7.47 7,80 
Feb, 060 348 00 5.83 6.07 38,900 
M 130 404 3.37 3.88 24,800 


45 


CALAPOOYA RIVER NEAR TANGENT, OREGON 


Location of Gage. At highway bridge in sec. 32, T. 12 S., R. 3 W,, 4 
miles southeast of Tangent, Linn county, 1 mile southeast of bridge 
on Pacific Highway. 


Drainage Area. 262 square miles, about equally divided between flat 
valley lands and the foothills of the Cascade Range. 


Channel Capacity. 2,000 second-feet at 12-foot stage, increase below this 
about 200 second-feet for each foot rise in stage; above 12-foot stage 
capacity increases rapidly, reaching 5,300 second-feet at 18-foot stage, 
with increase of 1,000 second-feet between 17 and 18 feet. 


Maximum Discharge. Highest stage recorded during winter of 1920-21 
was 17.4 feet at 8 a. m., December 31, discharge 4,700 second-feet or 
17.9 second-feet per square mile. Flood of December 11 reached a 
stage of 17.0 feet, discharge 4,300 second-feet, that of January 5, 
17.2 feet, discharge 4,500 second-feet. 


Flood Profiles. The following profile for the extreme high water of 
1920-21, was obtained by leveling to high-water marks. 


PROFILE OF 1920-21 HIGH WATER ON CALAPOOYA RIVER 


Distance from mouth | Blevation 


Location Present | Rectified au Sede Fall 
a :s __ | channel channel | _ we at = “se 
mi, mi. ft. ft. 


¥% mile north of Tp. line, S. E. 4 

sec) 32. 7: 12) (SR. SW: Be 
Gage, in sec, 32, ET) 22 S:., KR. 3. EH. 2 
Railway bridge in Sec. 30 T. 12 S., 

Stemeheesunvie 240 12.2 243.7 8.5 
Highway bridge 2 mi. west of Tan- 

gent, N. W. % sec. 14, T. 12 S., 

R22" OW. 14.0 9.1 229.9 13.8 
Highway bridge one-half mile S. E. of 

Gray, S. W. % sec. 35, T. 11 S., 


a0) 15.1 25 
2 14.3 25 


R 4 W. 10.8 6.8 220.8 9.1 
i mi. S. E. of Pirtle N. W. % sec. 

Orel elds. 5. ea WV. 6.3 5.0 210.8 10.0 
Bridge on Albany-Corvallis road, N. 

Wa te sec: 13-00" dS. Ri4 OW. 2.3 D@ 197.1 IY 


Total fall 55.4 feet in 22.7 miles by present channel, or 2.44 feet per mile. Artificial 
channel, cutting off bends would reduce distance to 12.9 miles or 57 percent of original 
distance, 


MONTHLY DISCHARGE OF CALAPOOYA RIVER NEAR TANGENT, OREGON 
PERIOD ENDING MARCH 31, 1921. 
(Drainage area 262 square miles) 


Discharge in second-feet Run-off 
Total 
onth 

M Max. Min. Mean Per sq. mi. Dee neds 
in. acre ft. 
Nov. 27-30 2,980 1,310 ed WA) 8.29 123 172,000 
Dec. 4,570 808 1,980 7.56 8.72 122,000 
Jan. 4,890 were 1,900 Thal) 8.36 117,000 
Feb. 3,840 856 2,010 7.67 7.99 112,000 
March 2,710 352 991 3.78 4.36 60,900 


The period 30.66 429,000 
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OAK CREEK NEAR ALBANY, OREGON 


Location. At highway bridge, one mile south of Fry station on Lebanon 
branch of Southern Pacific Railroad, 5 miles southeast of Albany, 
‘ and same distance above mouth, in N. W. 14 sec. 34, °% 11S R23 We 


Drainage Area. 39 square miles; at least 80 percent of which lies within 
the valley floor. 


Channel Capacity. 660 second-feet at 5-foot stage, increasing 240 per foot 
rise, two channels at gage, but no considerable overflow. 


Maximum Discharge. Highest stage recorded during winter, 5.7 feet 
Noy. 19, discharge 835 second-feet or 21.4 second-feet per square 
mile. 


Precipitation. ‘This stream affords a rough comparison between precipi- 
tation on Willamette Valley areas and the run-off which it causes. 
The station at Albany gives a close approximation of the rainfall 
over the valley portion of the basin. 'The foothill portion will re- 
ceive an amount possibly 25 percent greater; which would make the 
average for the basin 5 to 10 percent greater than at Albany. On 
this basis the run-off from Noy. to March inclusive, was about 63 
percent of rainfall. 


MONTHLY DISCHARGE OF OAK CREEK NEAR ALBANY, OREGON 
FOR PERIOD ENDING MARCH 31, 1921. 
(Drainage area 39 square miles) 


Discharge in second-feet Run-off Leen 
= eens = Precipita- 
Month | ; | Denthion | tion at 
Max. Min. Mean | Per sq. mi. drainage sweat Total Albany 
= Z in. acre ft. 
Noy. 760 4 78.1 2.00 2.23 4,650 Dede 
Dee. 660 70 222 5.69 6.56 13,600 7.75 
Jan. 685 45 178 4.56 5.26 10,900 6.72 
Feb. 496 32 174 4.46 4.64 9,660 6.59 
March 440 11 83.4 2.14 2.47 5,130 4.82 
The period a 21.16 43.900 31.41 


INCHES RAINFALL AND AVERAGE MONTHLY PERCOLATION BY SOIL TYPE 
OREGON AGRICULTURAL COLLEGE EXPERIMENT STATION, DEPARTMENT OF SOILS. 


Lysimeters 314’x344’x4’ deep 
<4 Percolation 
Month Rainfall rae het. >. a. 
Brown silt loam | Silty clay loam 
in, in. in. 
Nov. 4.90 2.31 2.33 
Dec. 7.97 6.39 7.49 
Jan. edeo! 7.19 6.84 
Feb. 5.38 5.82 4.99 
Mar. 4.23 3.10 3.13 
—— = Total 29.63 24.81 24.78 
Percent Run-off 83.80 83.5 


The following observations have been noted: 
Ps ce Willamette has a total water-holding capacity of 15 to 20 percent greater than 
ayton. 


(3). Dayton will discharge at a rate 15 to 20 percent greater than the Willamette at 
the time of the maximum run-off. 

(4). Willamette will discharge more steadily and continue an appreciable discharge 
for a longer time than the Dayton. The Dayton is more spasmodic than the Willamette. 


There is reason to believe that these conclusions obtain under field conditions to the 
extent shown by the experimental data. 
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OUTFLOW DATA, EXPERIMENTAL TILE DRAINS, OREGON AGRICUL- 
TURAL COLLEGE EXPERIMENT STATION, CORVALLIS 


Acre inches per acre per 24 hrs.- 


Date 130) Ac. Tr. 1O-Ac. Tr: Rainfall for period 
| 
072 076 Weesuerte Peon Ree a 
029 160 
655 460 
176 140 
082 170 
.036 Bets 
152 50/0 Sa | | 2x A OO ey eRe 
055 | 166 ere Poo sy. ated 
PRE ARTOIS Dal ete Se ar 
069 1G Sal gl Pree erik Ae ey 
306 Ba | 
Feb. 194 230 Lt eee 
® @1.910 lien he eee 
055 160 
Mar. 035 .033 
® @1.530 
100 SHI! Ne alae Sot eee D. 
024 AUR oe at |) eee eee eee 


@ Wier flooded. @ Estimated. 
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Poultry Housing ~ 
By 
JAMES DRYDEN 


The problem of good housing of fowls is closely related to the main- 
tenance of health and vigor in the flock. In the past twenty years ideas 
have changed considerably in regard to poultry-house construction. 
Formerly, as now, the main consideration was comfort and health of the 
fowls, but comfort is now secured by building houses on a different plan 
from those of twenty years ago or more. The change has been one of 
the two or three important factors responsible for the development of a 
profitable poultry husbandry. 


In the old plan of housing, the comfort of the fowls was obtained 
or sought by building warm houses, so-called, which included double- 
boarded walls and sufficient glass windows to let in a little light and 
sunshine. They were usually closed up tight in the winter time, and 
the result was damp, cold houses. The sun during the day, striking 
through the windows, caused the temperature to run up. The same 
glass windows were responsible for a severe drop in temperature during 
the night. Not the high or low temperature, but the wide range of 
temperature between day and night was responsible for the failure of 
this kind of house. With a high temperature during the day, the air 
took up much moisture, and at night the temperature dropped so much 
that the moisture in the air was condensed on the walls and in cold 
sections froze, making the house far from comfortable. This kind of 
house offered a favorable environment for various poultry diseases, and 
the diseases did not miss the opportunity. 

This type of house, however, has now been scrapped, and the com- 
fort and health of the fowls is secured by building, not the so-called 
warm houses, but rather cold houses that maintain a better equilibrium 
between night and day temperatures. Glass windows are largely dis- 
carded, and the double wall and dead air space idea is now pretty well 
a relic of the past. The modern idea is an open-front house, and it is 
this type of house that has brought success to poultry keepers. The 
satisfactory result has come chiefly through attention to ventilation. 


LOCATION 


(1) Soils. Chickens will thrive on a great variety of soils, but cer- 
tain kinds are more adapted than others to successful poultry keeping. 
Especially in choosing a location for commercial poultry farming, heavy 
clay soils should be avoided, if possible, as they are hard to keep clean 
and sanitary. A rather light porous soil is preferable; this is drier in 
wet weather and not as hard in dry weather. A wet soil is colder than 
a dry one. 


(2) Drainage. If the ground selected has not good natural drain- 
age, provision should be made either by under drainage or by open 
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ditches for carrying off the surplus water. The water should not be al- 
lowed to stand in the yards. Muddy feet mean muddy eggs. Damp- 
ness means catarrh, roup, rheumatism, tuberculosis, ete. 


(3) Air Drainage. Air drainage is sometimes as important as soil 
drainage. Cold moist air seeks the lower levels. It is better to locate 
the house and yards on higher levels where there is some air movement 
to carry off the cold, damp air or prevent its becoming stagnant. Fowls 
should not, however, be exposed to high winds. You will notice that on 
windy days the fowls mope around in sheltered corners or in houses. 
This is not favorable to high egg production. Sufficient air drainage 
without interfering with the comfort or activity of the hen is the ideal 
condition. The houses may be built on the leeward side of an orchard 
or in the shelter of buildings. A windbreak of trees may be set out to 
provide shelter. 


(4) Sunshine. If possible the houses and yards should be built 
where they will get full benefit of the sunshine. Face them south unless 
the prevailing winds are from that direction. Sunshine is a germ de- 
stroyer and a better egg producer than red pepper or other condimental 
foods. : 


(5) Other Points. Other points that should be considered in lo- 
cating the houses are: (a) The convenience of the attendant. Nearness 
to the feed and water supply will save labor. (b) Building the houses 
away from the other buildings. This will make it easier to keep the 
premises free from insect pests, rats, ete. (c) A location near a city 
market or a good shipping pcint, other things being equal, should be 
given the preference. 


REQUIREMENTS 


No one style of poultry house will suit all conditions; besides, fowls 
may be kept successfully in different kinds of houses. There are certain 
principles, however, that should govern in the building of any kind of 
poultry house. 


(1) Ventilation. Fowls require considerably more fresh air than 
other farm animals. It has been estimated that a hen in proportion to 
her weight requires double the weight of oxygen that a man or a horse 
requires. The amount of air breathed per 1000 pounds live weight of 
hens is given by King as 8,272 cubic feet in 24 hours, the requirement 
of a man being 2,833 and a cow 2,804 cubic feet. Ventilation, moreover, 
keeps the house dry. A close, warmly built house, with glass windows, 
is always damp, because of the extremes of temperature between day 
and night. Dampness is overcome by ventilation. Ventilation can best 
be furnished by leaving one end or one side open or partly open. In 
cold sections or exposed or windy locations this opening may be covered 
with a curtain of muslin; this will admit air, yet add to the comfort of 
the fowls. In most sections, however, the curtain will not be needed. 
The other three sides of the house should be draft-proof. The idea is 
to give plenty of ventilation without drafts. 


(2) Protection from Cold and Storms. A good poultry house 
should afford protection from the winds and the storms and _ severe 
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weather. A little shelter from the winds and the storms will increase 
egg yields. A cold wave or a sudden change to colder weather means an 
immediate demand for increased fuel to keep up the heat of the body. 
In this case the fuel is the food that the hen eats, and the food that has 
been going into the making of eggs will be drawn upon for fuel pur- 
poses. Any shelter, therefore, that protects fowls from storms or sud- 
den changes in temperature is an incentive to egg production. Fowls 
maintain rugged health roosting in trees, but the sudden and frequent 
changes in the weather to which they are subject in the trees interfere 
with egg production. 

(8) Space Required per Fowl. The house, while affording protec- 
tion from storms, should also furnish scratching room, for activity is 
the life of the hen. Where there is little or no snow or where the chick- 
ens can be out of doors almost every day in the year, about two square 
feet of floor space for each fowl will be sufficient. This will apply to 
flocks of twenty or more hens. For smaller flocks a more liberal allow- 
ance of space should be made. Where the climate is such that the fowls 
will seek shelter part of the year rather than go out of doors in the 
yards and fields, more floor space should be provided, say three to four 
» square feet for each fowl. The house should be built high enough for 
a man to work in without bumping his head. This height will allow 
sufficient air space for the fowls. 


(4) Floors. Floors are not always necessary in poultry houses. A 
floor will be an advantage where the ground is inclined to be damp, 
but where it is well drained and porous there need be no floor. A wooden 
floor gives protection for rats underneath, and for this reason a cement 
floor is preferable. On the other hand, cement floors do not permit 
moving the house, where this is desired. Where an earth floor is used 
it should be higher than the ground outside of the house, to prevent 
water running in. It is a gocd plan to fill the floor with six or eight 
inches of clean, coarse sqnd, and once a year or oftener to scrape off part 
of this and replace it with clean sand. This will keep the floor com- 
paratively clean and lessen the danger from diseases in the flock. 


THE PORTABLE HOUSE 


The portable house is used where the colony system prevails. Much 
of the trouble from diseases comes from keeping the chickens on the 
same ground year after year. By keeping them on clean ground, which 
is possible with portable houses, they are under natural and hygienic 
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conditions. This system, moreover, fits in with a system of crop rotation 
on the farm. About fifty chickens to the acre will keep the land in high 
fertility. Besides, the chickens will find a considerable portion of their 
food in the waste grain and weed seeds, grasshoppers, and other insects. 
They often rid the farm of grasshoppers and other insects, thus saving 
valuable crops. Another important advantage of the colony system, is 
the fact that the fowls are more active when they have the liberty of 
fresh fields than when confined in yards. Finally, with the colony system 
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Fig. 3. Floor plan of O. A. C. portable colony house. 
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there is no expense for fencing. If fowls are kept ori an extensive scale, 
where much cheap lahd is available, the colony system is undoubtedly 
the best, but with high priced land any system of fifty hens to the acre 
is out of the question. 

A good size for a portable house is 8 by 12 feet, which will accom- 
modate 40 fowls. A team of horses will pull a house of this size, which 
is built on runners. It may be used as a stationary house. 


Fig. 4. Detail of runners for O. A. C. portable colony house. 


DETAILS OF CONSTRUCTION 
Bill of Materials for Portable Colony House 8’x12’ 


Lumber. 
2 3”x6” 14 feet long runners. 
2 4x4" 8 feet long sills. 
5 2x4” 8 feet long sills. 
14 2”x3” 5 feet long studs. 
AZ sot 7 feet long studs. 
CD KOT 8 feet lony studs. 
3 2’x3’ 12 feet long plates. 
14 +27x8"" 6 feet long rafters. 
8 2x3” 12 feet long nest frames, etc. 
2 2’x2” 12 feet Jong roosts. 
he PA ate 3 feet long roost supports. 


175 board feet 8” lap for flooring and dropping boards. 
125 board feet 6” roosting boards and slats for dropping boards. 
260 board feet 8” channel rustic siding, No. 2. 


1250 shingles. 
1’’x4” corner boards, each 6 feet long. 
i”’x3”" corner boards, each 6 feet long. 
1x8” door and door opening. Each 12 feet long. 
1”x4” 14 feet long cornice finish. 
6 feet long cornice finish. 
1x3” 14 feet long ridge board. 
1’’x4” 14 feet long ridge board. 
1’’x3”" door and door opening. Each 12 feet long. 
1x2” 14 feet long stops for oil can nests. 
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Hardware. 
6 lbs. 8 D case nails. 
10 Ibs. 8 D common. 
3 lbs. 16 D common. 
4 lbs. shingle nails. 
1 pair of strap hinges. 
6 feet of heavy wire. 
8 feet of 3’ mesh wire for door and front. 
8 10” 1x10” x 15” oil cans for nests. 2/3 of one end cut out. 
4 1%4”"x10” anchor bolts. 


A 100-HEN HOUSE 


A plan of a good house of 100-hen capacity is given herewith. A 
cement floor, on the whole, is the most satisfactory in a permanent 
house, but it may not be necessary in some locations. 
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BILL OF MATERIAL 


Concrete work. (1:2.5:5 mixture. 1:2 wearing surface.) 


10 barrels of Portland cement. 
2 ecubie yards of sand. 
5 cubic yards of gravel. 


Lumber. 


Tm AexAGy 6 feet long. 
14 2’x4” 10 feet long. 
12 2x4” 12 feet long. 
AWOUxZ2 OS oeteet long. 
2 2x2" 14 feet long. 
125 board feet of 8” ship lap for dropping boards. 
400 board feet of 8’ channel rustic siding. 


50 1x6” 14 feet long for roof sheathing. 

82 1x4” 14 feet long for miscellaneous. 

4 1x5” 14 feet long for eccentric corner and ridge boards. 
2 1x2” 10 feet long for stops for oil-can nests. 


Hardware. 


18 lbs. 8 D case nails. 
18 lbs. 8 D common. 
6 lbs. 16 D common. 
10 lbs. shingle nails. 
One pair of 4” strap hinges. 
Three heavy wires six feet long each. 
30 feet of 4’-1’ mesh wire. 
Six 144”x10” anchor bolts for bottom plate. 
16 10x15” oil cans for nests; 2/3 of one end cut out. 
Paint. 
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Fig. 5. End view and section of 100-hen house. 
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Fig. 6. Front elevation and detail of frame for nests, 100-hen house. 
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INTERIOR ARRANGEMENT 


Whether the house be a portable farm poultry house, a breeding 
house, or a large commercial laying house, practically the same ar- 
rangement of the interior may be had. All the floor space should be 
used by the fowls for scratching. If possible all nest boxes, perches, 
hoppers, etc., should be movable. This will make it easier to clean out 
the house and to keep it free from lice and mites. 
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Fig. 7. Ground plan of stationary house. 


The Nests. Nests for laying hens should be somewhat secluded, for 
fowls are less likely to acquire the egg-eating habit when the nests are 
in a darkened place. They should be from 10 by 12 to 12 by 14 inches 
in size and 8 to 10 inches high, the larger breeds requiring the larger 
size. A cheap and serviceable nest may be made out of a five-gallon 

oil-can by cutting the end out, leaving 
about three inches at the bottom to keep 
the nest material in the nest. Such a 
can may be easily cleaned either by 
washing or spraying. The illustration 
shows top of can taken off; this makes 
ll the nest more roomy. Several of these 
Fig. 8. Good serviceable nests may nests may be set on a platform about 
be made out of 5-gal. oil- Z 
cans. Such a nest is cheap 2 feet from the floor, turning the en- 
and easily cleaned. An oil- trance of the nest towards the wall and 
can may also be used for a‘ 
watering the flock. leaving a space or walk along the back. 
The nest platform should be about two feet from the ground, being 
nailed to a cleat on the side of the house and braced from top of sill. 
Over the nests, to keep the chickens from standing on them and to help 
to darken them, should be fitted a sloping top. This top should be 
built high enough so that the attendant can see into the nests. One 
nest to five or six hens should generally be provided, The plan of 
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putting the nests under the platform, shown in the 500-hen house plan, 
will be satisfactory for the 100-hen house as well as the portable house. 
These nests are made in sections of five ten-inch nests and slide under 
the platform. The hen enters at the rear. It is recommended that the 
nests be made with wire bottoms mainly because there will be fewer 
eggs broken. As the hen rises when she lays, the egg is likely to break 
when it drops on the board bottom, since straw may not always cover the 
bottom of the nest. The front of the nest is hinged and it is readily 
opened in gathering the eggs. 


Broody Coop. A coop for broody hens for the commercial house is 
placed over the platform on each side of partition in the center of the 
house. This coop should be about 2 by 8 feet running back to the wall, 
and made of slats 114 inches apart, with a wire bottom of 1-inch poultry 
netting. This coop should not interfere with the raising or lowering of 
the perches. 


Perches. It is important that they be placed far enough apart to 
prevent the fowls becoming overheated and to assure fresh air for them 
to breathe. The fresh air house must furnish fresh air at night as well 
as during the day. The perches are made of 2-by-3-inch stuff. The hens 
roost on the 2-inch surface, which should have the sharp edge planed off. 


THE COMMERCIAL LAYING HOUSE 


Commercial poultry farms, which in this State have been largely 
a development of the past ten years, are usually located on suburban 
tracts of ten to twenty acres, though where large numbers of fowls 
are kept, this acreage must be extended. The high price of land near 
towns and cities emphasizes the need of economy in the amount used. 
In some cases, no provision for an outside yard is made, the fowls being 
confined in the house all of the time. The same plan is sometimes 
followed where there is sufficient land for outside yards, but the soil is 
of such a character that during the winter season the yards are wet 
and muddy. With such soil and restricted yards it is a question whether 
yards are any advantage during the rainy season, or whether the fowls 
are not better kept in the house all of the time. 


A number of poultrymen are now keeping their laying flocks confined 
in houses throughout the year. Others keep them confined only during 
the wet season. Experiments made at this Station a few years ago - 
indicated that a satisfactory egg yield can be secured where the fowls 
are confined in the house throughout the year. 


These results are supported by the records of several small pens 
of the station flock. In 1914-15 a pen of twenty-four Oregons were kept 
shut in a small house 8 by 12 feet throughout the year, and they made 
a record of 229.16 eggs a hen. This is ten eggs a hen more than were 


laid by a larger pen that had the liberty of a roomy yard every day 
in the year. 


In 1915-16 a pen of twenty-five Barred Rock pullets were confined in 
a house throughout the year, and they laid an average of 182.6 eggs a 
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hen, practically the same production as our experimental flocks of the 
same breeding. The*production was as follows by month per hen: 


1915-16 1914-15 
OCTO De remem a er re Eo reeset Pet eR ee ee eecsseine 1.66 
November 1.10 6.75 
December 10.10 17.45 
January 13.65 18.95 
February 16.85 20.54 
March ae 22.60 23.50 
Aprili i 22.80 22.95 
Mayer eo: 20.50 21.95 
June ...... 17.45 18.54 
OUlyaep ee a 17.10 19.58 
Amgust. ....... 15.10 18.79 
September . 12.40 16.20 
October 7.90 15.20 
November 4.25 6.62 
December 70 .20 
TNS GES oho Se Shm eease Spe eed SORE IER PRIS ney ae eats Cop neE S Pena Reseee ee ceceeeee ects 182.6 229.16 


The annual average is for the twelve months beginning with first egg laid by each hen. 


Another pen of twenty-five Oregons confined throughout the year 
1915-16 in a house 10 by 14 on the writer’s back-yard lot, made an aver- 
age of 216 eggs a hen, though the feeding was not particularly favor- 
able. In each case they had plenty of fresh air and were fed in such a 
way as to induce maximum exercise. 


These three flocks were of the Station’s high-producing strain. 
Where the fowls have plenty of exercise and right feeding there appears 
to be little difference in the yield, whether confined or on range. In 
other words, wide range out of doors is not necessarily essential to high 
production. ; 

This has no relation, however, to the other problem of fertility and 
hatching quality of the egg. As to what effect close confinement has on 
the breeding quality of the stock has not yet been determined definitely, 
but the best information available points to the necessity of giving the 
breeding stock plenty of good range. The cumulative effect of con- 
tinuous confinement of breeding stock, generation after generation, is 
likely to result in lowered vigor. Very few breeders confine breeding 
stock. 


YARDS 


If the poultry houses are located near a neighbor’s field or gardens 
it will be necessary to yard the fowls. For other reasons, such as the 
keeping of more than one variety or strain of fowls, separate fenced 
enclosures must be maintained. 


Keep the Yards Clean. When chickens are confined in yards 
throughout the year, care must be taken to keep the yards clean, other- 
wise in time there will be serious losses from diseases and general lower- 
ing of vitality. The yards sooner or later become contaminated with 
disease-producing germs, and losses through sickness and decreased 
vitality will render it unprofitable to keep fowls. Dr. Salmon says: 
“Accumulations of excrement harbor parasites, vitiate the atmosphere, 
and breed contagion.” It may be possible to keep yards sufficiently 
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clean by disinfection and other means to prevent troubles of this kind, 
though this is doubtful. At any rate, the expense of disinfection and 
cleaning would render it impracticable. 


Size of Yards. The larger the yards the more exercise the fowls 
will take. The fowls will do better in a large yard than in a small one, 
even though the same number of square feet be allowed each fowl, be- 
cause there is more room for exercise. Each fowl has the use of the 
whole yard whether it be large or small. The cost of fencing will 
largely govern the size of the yard. Fencing is expensive, and if the 
yards are very large the cost may exceed that of the houses. For a pen 
of 100 fowls a yard 100 by 100 feet is a good size. 


Double Yards. In order to give the fowls clean ground and guard 
against “ground poisoning,” the best plan is to have double yards; that 
is, two yards for each pen of fowls. If one long continuous house be 
used and it is divided into small pens, it will be better to have the yards 
on each side of the house, rather than two yards on one side, thus 
obtaining width enough in the yards for cultivation. Where the yards 
are too small for horse cultivation, spading will have to be resorted to. 


Separate Houses. Under some conditions and for special breeding 
pens, a more convenient arrangement than one long house is to use 
small separate houses, placed in a row 20 feet apart. By this arrange- 
ment the yards may all be on one side of the house, and one can walk 
or drive a team on the other side from one end to the other without open- 
ing gates. Another advantage is that there is less danger of contagious 
diseases spreading from one flock to another than in the continuous 
house; every flock is practically isolated from the other. 


Cultivation of Yards. The cultivation and cropping of the yards 
will keep them in good condition. The crops will use up the manure 
and lessen the danger from spreading of disease. The cultivation also 
keeps the surface of the soil loose; unless cultivated, the soil, if of 
clayey nature, will become hard and baked from continuous use. The 
expense of building the extra fence for the double yards will be offset 
by the value of the crops that may be grown on the vacant yards. It 
will pay to plow the yards two or three times during the year. Cultiva- 
tion has a double purpose; first, it cleans the yards; second, it offers 
the fowls more exercise. 


Crops to Grow. Different kinds of crops or vegetables may be grown 
on the vacant yards. Green food may be grown for the fowls, or vege- 
tables may be grown for the family. The droppings of the fowls will 
keep the soil in a very productive condition. If it is not desired to use 
the yards for garden purposes, such crops as vetch, alfalfa, clover, kale, 
rye, etc., may be grown. Where it grows well, clover may be planted 
early in the spring and the chickens turned onto it in the fall. Vetch 
sown in the fall will furnish a great quantity of excellent green food in 
the spring and summer. Where it thrives, probably no other forage 
plant will furnish more green food to the acre than thousand-headed 
kale. -If planted early in the spring, it will furnish a great quantity of 
green food in the fall and following winter. Rye sown in the fall will 
make considerable green food in the following spring and summer. 
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Shade. For fowls in summer shade is very necessary. This may be 
secured from fruit trees or other trees. Two or three fruit trees, such 
trees as will do best in the particular soil and location, in each yard, 
will furnish some revenue as well as shade. Most varieties of fruit do 
well in poultry yards. Plums, apples, and cherries do especially well. 
The droppings fertilize the trees, and the poultry aid materially in keep- 
ing in check certain of the fruit pests. Sour apples should be fed spar- 
ingly to fowls. Where it is not desired to plant trees, sunflowers or corn 
may be planted early in the season in a part of the yard fenced off 
temporarily. 


COMMERCIAL UNITS 


In commercial poultry keeping a desirable plan for housing is to 
build in 500-hen units. As the size of the flock is increased the pro- 
duction is decreased per hen, other things being equal. On the other 
hand, the larger the unit, the lower the labor costs in feeding and gen- 
eral care. Under certain conditions the saving in cost in the larger 
units may more than offset the decrease in production. If there is good 
management there may be little difference in the final returns from the 
500-hen units and the 1000-hen units. If the proper yard space is 
available we recommend the smaller units. 


Range. As to the amount of range and the character of the soil, 
in general the more good range the fowls have the better will be their 
health and production. Where the soil is sufficiently dry and porous the 
fowls for best results should have the use of a roomy yard. For a 
flock of 500 hens a good plan is to set aside two acres, using one acre 
at a time and growing a crop on the second acre. It is not very material 
whether the land is all in front of the house, divided into two yards, or 
whether one yard is in front and the other at the rear of the house. In 
any event there should be double yards. * A more ideal condition would 
be three yards so that each yard is vacant two years out of three. This 
will insure better sanitary conditions and greater freedom from con- 
tagious diseases. 


Close Confinement. If the land lacks drainage and the soil is heavy, 
which means muddy, wet yards all winter in Western Oregon, it is just 
as well to keep the hens shut in the house all winter. The same prac- 
tice should be followed in Eastern Oregon where the snow covers the 
ground for several months in the year. If the fowls get the proper 
feed and care the production will be just as good as if they had the 
liberty of outdoors. The ideal condition, however, if the soil is of the 
right character, is outdoor range all the year. 


For permanent results there is no doubt that it is advisable to give 
the maximum amount of range consistent with overhead costs. If the 
land is not of too high value it will pay to give four or five acres to 500 
hens. By the growing of crops on the vacant yards, the overhead charge 
need not be much greater for the four acres than for the two. The con- 
ditions would then be favorable not only for good egg production but 
also for keeping the stock in good breeding condition. 
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FIVE-HUNDRED-HEN HOUSE 


The style of house illustrated herewith will be suitable for Western 
Oregon and in general for sections of the State where the temperature 
does not get much below zero. There is no reason why in Western 
and Southern Oregon the open-front house can not be used throughout 


the year. 


IS UN; 


Fig. 11. End view, 500-hen house. 
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Fig. 12. Section AA, 500-hen house. 
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The fowls will be more comfortable on the floor if they are pro- 
tected from draft in. the colder months by closing the opening at the 
bottom of the wall three feet, but not more. If this is extended too high, 
there will not be sufficient light in the house. As to the size of the 
opening, the drawing shows a front wall of 7 feet 2 inches, which is 
boarded up 3 feet from the bottom, leaving 4 feet of opening. This 


will be ample. 
275 
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Fig. 18. Section of rear wall and roost, 500-hen house. 


In the cold sections of the State, it will be better to modify the plan 
by placing three windows in the front, one at each end and one at the 
center for light and covering the rest of the opening with muslin during 
the cold weather. The windows should be on hinges so that they may 
be opened on warm days and in summer they may be removed altogether. 
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In Western Oregon, where the prevailing winds come from the south 
or southwest, the house should face the east or southeast. In other 
sections where the direction of these winds is different, the house may 
be faced toward the south. 

As to the dimensions of the house, 16 feet wide and 100 feet long 
is a good size for 500 hens. There is no particular objection to making 
it 18 feet or 20 feet wide and cutting off on the length, but with a house 
deep in proportion to length the supply of fresh air is not so well dis- 
tributed, and there is less fresh air for the fowls at night. They are 
crowded more together, .and to that extent the full benefit of the open- 
front is not obtained. 

The difference in the cost of construction of the house of 16-, 18- or 
20-foot width is negligible and need not be considered seriously. It is 
important that the fowls have plenty of fresh air at night as well as 
during the day and this condition cannot be secured where the roost 
perches are placed very close together. This house calls for three perch- 
es the length of the house, placed eighteen inches apart or twenty inches 


Fig. 14. Window framing, in rear wall, 500-hen house. 


from center to center. This allows roost space of about 7 inches a hen. 
In a twenty-foot house eighty feet long, which would give the same 
floor space as 16 by 100, it will be necessary to have four roost perches 
instead of three; this means a greater congestion of the hens at night 
and consequently more impure air for them to breathe. By placing the 
roosts far enough apart, this objection will be offset to some extent. 
Again, a wide house with a wide roosting platform makes it difficult for 
the poultry keeper to catch the fowls on the rear perches. 


Rear Windows. Under certain conditions, windows in the rear of 
the house under the roost platform are an advantage, since they light up 
the floor better. It is asserted that such windows are necessary so as 
to prevent the fowls from scratching the litter under the platform, the 
theory being that a hen when scratching turns her head to the light. 
Details for these windows are shown in the plans. Their use is left 
optional. Where the house faces the east and is well lighted from the 
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front, there are some disadvantages in the windows. With windows in 
the west side, the sun shining through them in the summer days will 
make the house uncomfortably warm. This objection may be obviated 
to some extent by leaving the windows partly open and by whitewashing 
the windows. There is also the extra cost of the windows. The argu- 
ment that without the windows the litter will pile up under the roost 
platform at the rear is of no great importance. With a well-lighted 
floor and proper care in throwing the grain in the litter, there will be 
no trouble from this source. Where the house faces south, there will be 
no objection to the rear windows except the cost, and under certain 
conditions where the light is not good the windows will be an advantage. 


ng feeder fo the 2:6 ~ 
or dces on rafters. 


; Sirnilor24 Verticals 
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nN ceder /O-O long. 


395" 


Fig. 16. Floor plan of feed hopper. 


Fig. 15. Section of feed hopper. 


Rear Ventilation. Provision is made in the drawing for ventilation 
over the roost platform above the plate by means of hinged 1-by-10 
inch boards in 6-foot lengths, notched for the rafters. These boards 
should be closed during cold weather and open only during warm 
weather. 


The Roof. In the drawing a shingle roof is shown; this is the most 
permanent type of roof. A good quality of roofing paper, also satisfac- 
tory, costs less than shingles. With paper, a flatter roof is just as satis- 
factory as the steeper roof necessary for shingles. 


Feed Hopper. A dry mash hopper, ten feet long and ten inches 
wide, is detailed. This is suspended lengthwise of the house, from the 
2-by-6-inch ties for rafters. The sides of this hopper are vertical and 
the hens eat from both sides. The whole hopper is used for dry mash 
and there are no partitions in it. A trough for grit, charcoal, shell, etc., 
is easily provided between the 2-by-4 studding on the three-foot front 
wall and just the width of the studding. This should be high enough 
from the floor to prevent litter being scratched into it. If the bottom 
is laid on cleats and the front hinged, this trough will make it more 
easily cleaned out. 
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Moist Mash Trough. Where moist mash is fed, a feeding trough 
may be attached to the front wall at the top. This trough may also be 
used for green stuff. (A good way to feed kale, however, is to hang 
up the whole plant in the house, on a wire suspended from the rafter 
or rafter braces.) The hens eat out of the trough through a graduated 
mesh wire used to cover the open front with the wide mesh at the 
bottom. This trough should be no higher than the three-foot front, the 
outer board being hinged at the bottom to facilitate cleaning. A four- 
inch jump board on which the hens stand while eating extends the length 
of the house. This board should be removable so that when pullets are 
first put into the house, the board can be taken down at night until they 
have become accustomed to go to the perches. 

Litter Carrier. A litter carrier is shown on the plan. For large 
houses, this will be an advantage in removing the droppings. The car- 
rier hangs flush with the ends of the dropping board, so that the drop- 
pings are scraped into the carrier. The track may extend out through 
the end of the house, the manure being dropped into a cart or into a 
manure shed. When not in use, the carrier can be pushed back into 
the feed room. 

Watering. In Western Oregon, where the temperature is mild, 
water can be piped into the house. A good plan is to use an ordinary 
pail or pails with an automatic shut-off. These should be placed up 
about two feet from the floor in the center of a platform made of slats 
or wire. The same arrangement can be made for the feeding of butter- 
milk. In cold sections, this system cannot be used on account of the 
water pipes freezing in the winter time. In such sections, it will be a 
good plan to have a small heater in the feed room for heating water. 

The Roosts. The roosts are made in a frame, hinged to the studding 
at the rear and suspended by chains from the rafters at the front. The 
platforms are in sections six feet long, and are removable. 


The Nests. The plan shows detail of nest under the platform. These 
nests are built in sections five feet ten inches long, and placed in 
hangers. The bottom of the nest is made of galvanized wire cloth for 
fruit driers, 44-inch mesh, in preference to boards, to prevent break- 
age of eggs. The hen enters the nest from the rear, and the front is 
closed by a board, hinged at the bottom, which is let down when the 
eggs are gathered. There are no partitions for separate nests. A num- 
ber of hens lay together in one section. This makes a nest of simple 
construction, easily kept clean and free from mites. 


Roller Curtains. Under cer- 
tain conditions, an adjustable cur- 


| : : — tain is desirable. For this purpose, 
z= =— a roller curtain such as that de- 
: re cea signed by Shoup of the Western 

— Washington Station is very con- 
— oe —t : venient. This curtain may be 
—= 28 = = raised or lowered in a few sec- 


Fig. 17. Controlling apparatus of storm onds, by turning a crank at one 
curtain. end. A detail of the Shoup cur- 

tain is given herewith. In the mild 
climate of Western Oregon, the writer does not recommend the use of 


the curtain. 
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storms, there will seldom be any need for the curtain. 


severe weather, 


With the house faced away from the prevailing winds and 


In the unusual 


such as that of December, 1919, a curtain would have 


been a decided advantage for two or three nights, but such weather may 


not come again in a generation. 


Many poultrymen avoided serious loss 


during the zero weather by covering up the opening with burlap or 


muslin. 


The danger from the curtain is that it may be closed when it 


should be open, and open when it should be closed. A stationary curtain 
and glass windows may be the best arrangement for the cold sections. 


BILL OF MATERIAL FOR 500-HEN HOUSE 
No. 
Description Size Req’d Description 
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Lin. ft.|] Feeder 
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QM AT BOF 4 Ridge Board........ 
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27 4x16" 7 Corner Bads., etc 
PAG As PN 20 Corner Bds. 
QUANG 16 Corner 
Rattere bias... PA Ahi ealiete 283 INGS tS reese cere. 
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Dropping ).. ee aa ha 9 1 window 3/’x4’ 
Boards He 11144/x2%4""x16’ 15 3 doors 3’x6’-6” 
Roost and ).. 1114x214""x20’ 3 
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Boards ESET AR eo ecucee saceavees reek 500 
Bd. ft 
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BILL OF MATERIAL 
Hardware 


Nails—20d—40 Ibs. 
8d common 75 Ibs. 
8d Case—25 Ibs. 
Shingle—116 Ibs. 


Bolts—%4""x6” Anchor bolts—40 
"x44" for feeder—10 
%"’x414"" eye bolts for feeder—4 


Hinges—16 pair—3’’—for ventilating boards 
10 pair 6” for roost 
17 pair 214” butt hinges for nests 
1 pair 2144” butt hinges for feeders 


Chain—75’ light chain for -roost 
8’ (3/16” wire) chain for feeder 


*Wire netting—1” mesh 4’x96’ for open front 
Galv. wire fruit drier cloth—4” mesh 1’x100’ 


Floor 
Concrete work (1:2.5:5 mixture. 1:2 wearing surface) 
Cement—35 bbl. Portland 
Sand—12.5 cu. yd. 
Stone or Gravel—25 cu. yd. 


*Use graduated mesh wire with 4’ mesh at bottom if moist mash trough is used. 


Note: This bill does not contain material for windows in rear or any fixtures 
in feed room. 
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The main conclusions drawn from the experiments 


reported in this bulletin are: 


1. High fecundity is inherited. 


2. Selection of breeding stock on the basis of annual 
trap-nest records regardless of prepotency or tested qual- 


ities, is a certain method of increasing egg production. 


3. Some hens and some males have the power of 
transmitting high fecundity; others have not this power. 
Therefore more rapid progress will be made in increasing 
the production of the strain if only those hens and those 
males be used in the breeding pens that have shown by 
the egg records of their pullets, er by the progeny test, 
that they possess the power of transmitting high eg¢ 


production. 


Ege-Laying Characteristics of the Hen 
INTRODUCTION 


When poultry breeding experiments were started at this Station, 
twelve years ago, there was considerable discussion as to the effect of 
selective breeding in increasing egg production. Doubt was frequently 
expressed as to the possibility of increasing production by selection of 
breeding stock on the basis of trap-nest records of production. There 
had been no sufficient demonstration of the fact of transmission of 
high egg-laying qualities. There was some evidence that the con- 
trary was true. At the Maine station, after nine years of experiments 
the results as reported were largely negative in character. There had 
been apparently no increase in production. Beyond that there was little 
literature on the subject embodying conclusive data. 

It was agreed that the subject required further investigation. It 
was highly important from the standpoint of the poultry producer, as 
well as from the standpoint of the consumer of poultry products, that 
production be increased. The costs of egg production were high, and 
unless they could be reduced, poultry keeping would continue to be a 
business of hazard. 

Previous experiments by the writer had shown a wide variation in 
individual production, and if it should prove that those variations were 
inherited, it would seem then, that proper breeding, by increasing pro- 
duction, would be of great importance in lowering the costs. 

At that time the flocks of the United States as an average laid 
fewer than seventy-five eggs a year per hen, while trap-nest records 
showed yields exceeding two hundred a hen and others less than two 
dozen a hen, even within the same breed and under similar conditions of 
_care. This fact indicated great possibilities for the poultry industry, 
should it be proved that those variations were inherited. The produc- 
tion of the hens of the United States as given is based on census figures; 
these apply to hens of all breeds and different ages and would not be 
fully comparable with the production of pullets, or the first year’s 
production. 

Until the invention of the trap-nest, poultry breeding, so far as 
egg production was concerned, was an uncertain business because the 
poultryman had no means of knowing which were the best layers in his 
flock. With the trap-nest it was then possible to attack the problem of 
increasing production in a practical, scientific way. 

Our breeding work began in the fall of 1908 and has continued 
without intermission up until this time, though the scope of investiga- 
tions has been necessarily limited. With the funds and help available, 
it has not been possible to cover as many closely related problems as 
was desired. Breeding work is necessarily slow, and often disappoint- 
ing because of the variety of conditions under which the flocks are 
kept during the long period of experiment. Egg production fluctuates 
greatly as the environmental conditions vary. Changes in the weather 
affect the egg yield, and it is impossible so to regulate other conditions 
that the yield is not appreciably affected by sudden temperature and 
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other changes in the weather. Where the results depend upon com- 
parisons extending over several years, with flocks of different gener- 
ations, this is a disturbing element that can possibly be overcome only 
by long-continued, carefully conducted experiments. 

While the feed rations and methods of feeding can be fairly well 
controlled, there will be unavoidable differences. It is not always pos- 
sible to get the same quality of feed, year after year. Another limiting 
factor is diseases. To maintain a strict quarantine so that the flocks 
of one year will show as great freedom from diseases as those of another, 
is possible only in part. Change in the attendant who feeds, tends trap- 
nests, and does other necessary work in the poultry yards, also has its 
influence on production. Change of attendant is sometimes unavoidable. 

Another factor, probably the most difficult to control of any, is 
that of the hatching and rearing of the chicks. The vigor of the chicks 
is influenced by the care and feeding of the breeding stock, by the meth- 
ods of hatching, and by the brooding and feeding of the chicks. Any 
difference in the vigor of the hen will be reflected in the egg yield. The 
date of hatching, or the date at which the pullet comes to laying ma- 
turity, is another factor that has a decided influence on the first year’s 
production. 

It is thus impossible so to control all these and other environmental 
conditions that we can know with mathematical definiteness that the 
egg producion of one particular generation of fowls for any stated 
period measures with absolute certainty the laying capacity of the flock. 

Nor is it essential that the environmental factors actually be the 
same year after year to prove by the egg records for the year the 
transmission of high fecundity. With a sufficient number of individuals, 
and a sufficient number of generations, the fact will be proved if there 
is a consistent and marked increase, even though the conditions may 
and must vary, year after year. 

Scientific demonstration need not and can not depend upon mathe- 
matical and mechanical control of environmental factors. At the same 
time it must be conceded that the degree of success in controlling these 
conditions will measure very largely the success of the breeding 
experiment, 

PROBLEMS OUTLINED 


The general subject of investigation is the inheritance of egg-laying 
characteristics of the hen, covering the following related problems: 
(1) Is high fecundity inherited? 


(2) Relation of short-period production, or rate of laying, to the 
annual and biennial record of the hen. : 


(3) Does the first year’s production indicate the capacity of the hen 
in subsequent years? 


(4) Will selection on the basis of high annual or short-period pro- 
duction increase the profitable life of the hen? 


(5) Correlation between early laying maturity of the pullet and 
high fecundity. 


(6) Correlation between late laying and high fecundity. 
(7) The effect of inbreeding on vigor and productive qualities. 


7 


(8) The relative.influence of sire and dam on the egg production 
of the offspring. 7 


(9) Correlation between type of hen and egg production. 
(10) Correlation between rate of laying and composition of the egg. 


This bulletin is confined to a study of our breeding records bearing 
on the first four problems enumerated above. Later bulletins will report 
work on the other problems. 

There is also included in this bulletin a report of a preliminary 
nature on the tenth problem, the correlation between rate of laying and 
composition of the egg. 


THE PLAN 


For the experiments, Barred Plymouth Rocks and White Leghorns 
were chosen, the former because they are a variety of an American breed, 
very popular on the farms for general purposes, the latter because they 
are the most popular breed on commercial egg farms. A cross between 
these breeds was made, as a check on the others, because there is a 
somewhat widespread conviction that some of the pure-breds through 
close breeding have lost more or less vigor, and that a cross will restore 
the vigor. If therefore, the cross gave a better egg yield than the 
pure-breds it would be strong circumstantial evidence that the pure- 
breds lacked in vigor. Then, if after several generations the cross- 
bred birds showed an increase in production, while a similar increase 
was shown in the pure-breds it would be strong evidence that the breed- 
ing was effective, and that high fecundity was inherited. On the other 
hand, without the cross-bred check it might be questionable, whether 
the increase in the pure-bred was not due solely to increased vigor, 
which might be secured from proper mating and breeding. It is known 
that vigor and production are closely related. 


IS HIGH FECUNDITY INHERITED? 


A flock of 113 Barred Plymouth Rock pullets were purchased from 
six different breeders in Oregon, and 68 White Leghorn pullets from 
several Oregon poultrymen. These pullets were put into their houses 
early in the fall of 1908. The houses used were new, portable, open- 
front, or colony houses, eight by twelve feet in size. The fowls had the 
liberty of roomy yards at all seasons. ‘The hen doors in the houses 
were open at all times. The double-yard system was used and the 
houses were moved once a year onto clean ground. The same style of 
house and the same system of yarding were used in all the years of the 
experiment. The same system of feeding was followed, as nearly as 
possible, throughout the experiment. Inbreeding was avoided, and prac- 
tically no new blood was added. In the last three or four years, how- 
ever, especially in the case of the Leghorn, the blood lines had become 
closely drawn, so that in the case of the Leghorn the results of the later 
years are not properly comparable with those of former years. 

It was aimed to use each year in experiments only pullets that were 
mature and about ready to lay by November 1, so that the egg records 
of different years might afford a fair basis of comparison. This practice, 
however, could not be followed arbitrarily. It was not always possible 
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to hatch them at the same time, and where the purpose was to hatch 
as many chicks from certain hens as possible, the date of hatching 
must vary more or less. Any of the yards or hens that were used in 
our comparisons, however, did not vary greatly in date of laying 
maturity. On this account and for other reasons, the number of pullets 
used in the tabulation for some of the years is rather small. It is 
believed, however, that enough individuals have been used to make it 
possible to form conclusions on the subject of investigation. 

The capacity of a hen is commonly measured by her annual egg 
yield, and the proof of transmission is shown if the female progeny 
produces not necessarily as many eggs as the parent, but a certain in- 
crease over the average production of the unbred flock or breed. It 
may be true, however, that her real capacity is better shown in shorter 
periods of production, because in shorter periods, environmental condi- 
tions are under better control. Our records, therefore, will be studied 
from annual records, as well as longer and shorter periods. 

Artificial lighting was not used in these experiments. It had not 
come into use when the experiments were started, and to have adopted 
it in later years would have introduced a factor that would render im- 
possible proper interpretation of results of different generations, if 
some were under artificial lights and some were not. 

In all experiments the first year begins on the date the first egg 
was laid, and ends twelve months from that date. The second year be- 
gins at the end of the first laying year. In all cases, hens that died before 
the year was completed are not included, except that a record of number 
died is given. 

Eggs laid on the floor or outside of the trap-nests are added to the 
total production of the flock and show in the yard average, but not in 
the individual-hen records. 


RESULTS WITH BARRED PLYMOUTH ROCKS 


First Generation or Foundation Stock. In the case of Barred 
Plymouth Rocks ninety-two hens are used in the experiment relating 
to inheritance of fecundity. For these there is a complete record for 
the first year’s production. 

The first and most significant thing in the production of all the 
years is the wide variation in the records of individual hens. This ap- 
plies to the two different breeds, as well as the crosses. In the original 
flock of ninety-two Barred Rocks this variation, as shown in Table 1, 
extends from 218 eggs as the highest to 6 as the lowest, the average 
of all being 82.67, or including eggs laid outside of trap-nests, 86.14 
eggs. In other words, between the highest and lowest record there is -a 
range of 212 eggs. It will be noted that there is a gradual drop all of 
the way down from the highest to the lowest. A column is added giving 
the best two-months record of each hen. The significance of this record 
will be discussed.on a later page. 


Second Generation. The production in the second year, 1909-10, is 
given in Table II, for yard 6, 28 hens. These were hatched from the 
first-year flocks but without selection, and sired by males of pedigree 
of unknown production. In this case the highest record was 183 and 
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the lowest 60, a range between highest and lowest of 123. The yard 
possibly would represent a better average of the production of strain or 
strains than the original flock, or rather make a better starting point in 
studying the effect of breeding, because the pullets of this yard were 
raised on the Station plant, and so far as the hatching and rearing are 


TABLE I. ANNUAL AND BEST TWO-MONTHS PRODUCTION 
Yards 4 and 5, 1908-09, Barred Plymouth Rocks. 


Production Production | Production 
Hen | 1st | Best 2 Hen 1st Best 2 Hen Stn wisest: 
No. year | months No. year | months No. year | months 

36 | ~~ 10 35am CC nnn ees eee llr pes 3 

93 | 28 £0. 70 , 80 SOs at 20 

| 3% lee 47 18 Sues 3 29 

| Cee 183 47 See 61 29 
Tees | 118 45 Same 45 22 
a LO5 44 $4... 56 23 
44... | 59 2S 8G... 106 a4 
Ayers 140 40. 87.. 64 30 
aie 82 56 88... 82 Bai 
48 47 29 89. 153 35 
50s sal 45 90 $3 43 
Bie 115 4] G 49 22 
iy 70 26 93 80 32 
53... 83 45 95 134 4] 
54a. tO 4 46 96 €4 35 
ieee 5, 28 oT 100 32 
Bho ¢ 141 42 Ores 81 29 
Wace 59 31 99_. 167 48 
Biseee 37 22 201 52 30 
calles £5 31 20 aes 103 37 
6202. 106 31 20 au 96 44 
64_. 49 23 204 101 36 
ON 218 50 20 5c ny) 23 
€6... 74 33 ZORes 1:0 47 
Of $6 28 AQ eae 52 26 
(A 78 24 209i 53 21 
dO. 133 36 Cae 58 30 
Navies 67 25) Pilate 160 48 
ies 66 24 2 46 3 
74.. 76 32 PVRS = | 84 36 
ues 89 28 } 

Nein ead os 5 EAE Nah, meee hile Ne Pees ee | 82.67 | 31.29 
| 86.14 


[Oprab ke kere a vVeYe be (eyestexsiaret(0 V0 Vere Bee ates hee peers went earer ee or ener eae 


TABLE II ANNUAL AND BEST TWO-MONTHS PRODUCTION 
Yard 6, 1909-10, Barred Plymouth Rocks. 


| Production Production Production 
| — hes — = 
Hen 1st | Best 2 Hen | 1st | Best 2 Hen| Ist | Best 2 
No. | year months No. | year | months No. | year months 
— —_—— | = 3 
2 | . on | | 29 
ise ttoe) | (Ss: Sia eT a eae 221....| 103 32 
XPOS S 128 41 212. jake 3) 22OKe s 140 | 44 
FOB oc 114 $1 DR abel 3 BOB | 60 32 
FAV eee abe} 40 Cab ae a5 | 3 apie | abeytss 43 
206... 88 28 ails 134 | 31 225 1¢2 36 
AO eb 85 37 216....; 104 34 22¢ Ba 160 38 
202) 169 43 Deion 76 24 (OP | 16 8 
208.) 16 25 PANS es || 88 PA | 228... 164 | 28 
2OGr 179 Be AN, | wal | 25 BoM eee 53 | 29 
Pall We 134 58 I | 
= — — = = [ 
ASR ESTES REAR ZEW HO ee oR Se oS AP RE ee A at) ee Soe ee Re 117.64 | 33.71 


120.68 


[Gao PergheihaVeyalerexegeat=tpew oe C2X0 Waeiee oe eee per ene soon eter ne eee Er EAs 


TABLE III. 
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ANNUAL AND BEST TWO-MONTHS PRODUCTION 
Yard 15, 1910-11, Barred Plymouth Rocks. 


Production Production Production 
Hen 1st | Best 2 Hen; Ist | Best 2 Hen; ist Best 2 
No. year |; months No. year months No. year months 
y Weis cami e =40 A 92] 144 38 A106| » 202 44 
i 16 | 183 43 A 93 201 42 Atu7| 122 23 
IX i) Bite 50 A &4 20 8 A108 166 37 
x GB 215 44 IN OS) We 31 A 109 179 41 
A 79 219 50 A 96 204 43 A 110 175 35 
A 80| 168 40 AN Ol 79 26 Ali1} 204 53 
KX Bil | B08 42 _|/A 98| 130 35 Now|) yy NY 
IK #3) TBH 37 A S9| 124 33 A115| 188 3 
A 84] 44 28 A100) 125 42 A 116 218 50 
A 85} 182 43 A1C1| 137 7 A118} 191 | 45 
A 86| 133 35 A 102 169 39 A119 156 42 
BU) 6 6 A i038] . 168 37 A 120 148 41 
SS) Si | 45 A 104 158 a IRL 168 39 
A 911! .158 36 A 1u5 200 46 A 122 259 4u 
PASSE AE CUOL Oy TCL Mercere ne RED ae re a on tanto sua are yee neo 161.78 38.48 
— | 
WML eMtiVed ee es AOS ces ase erie sae ee Se SS 164.28 


TABLE IV. ANNUAL AND 
Yard 6, 1912-13, 


BEST TWO-MONTHS PRODUCTION 
Barred Plymouth Rocks. 


Production | 

Eggs Eggs | Eges 
Hen 1st | Best 2 Dam) Let lyr: DD. 1st yr. S.D: 1st yr. 
No. year months | 
Guse eS Se mi) 850 A 7s | DiS SA es acme ae 207 169 
G33) 139 36 A 111 Pa el ee 65 218 
C 8) TSO 42 2% iO ee. | 20e 169 
C 35 225 53 A 79 G's WWE deta eezior7 169 
C 36 89 34 IN fel 2 3 an ee 207 | 169 
Ces 199 47 A 79 Oi Cleats S07 | 169 
CG Se 213 49 AN ULL D046 - | Ree lie i iret ay || Dales 
Cc 39 145 49 A111 20:49 ey || eee eee 6S eas 
Cc 40 151 29 iN Ui Dad jl oles eae los eee 65 218 
@ 2 Wag 45 A 7 DO CD tp ci cee | heiue em 207 | 169 
CG 29 138 | 45 A111 2 CA ens Ga |, Da 
© 43) Wy |). Au PUSS, Wee Bea! Ble eee 207 | 169 
Cc 44 227 | 49 All1) 204 Gy | alg 
C 45 171 46 Aare. 203 XN 9) NR) 
C 46 201 4) ART Calls tame | lene eres | econ Gey Wt Sane 
er ay 156 41 IX Sut 2030 Al meee meer | renee 207 | 169 
C 48 268 51 Ail 204 65 218 
C 4g 194 44 A 79 219 207 169 
Gms 224 5S Ae 214 65 | 218 
@ Asi 196 56 A111 264 65 218 
C 52 157 52 IN Ge 214 bi Spec |, eee 65 2S 
C 53 144 43 IX Bill 203 |i dg eee ens yr ees 207 169 
C b4 186 49 A 79 DiC ke SAR | ee £07 109 
GC 55 142 47 Aaa 204 65 218 
C 5S 210 50 A111 PAC ae, ONT sh eased 65 218 
G 57 178 44 IN Bu 214 65 218 
CMDS 205 55 IK" I nn ai Seage Iy cae 65 218 
Cc 3g 209 41 AV 9 eld 207 169 
Cc 60 3 2 All1| 204 | eee, Me hs tes 65 218 
Ge) ales 45 A 78 213 | » @Oy 169 
© 63| 140 38 Ae 24 fee ee | 65 218 
C 64 235 5U A 122 259 | hase ee 07 165 
C 65] 123 39 ACE STL eb? 0S. an peeeee 207 | 169 
G 61 187 44 Asia 20 eee 65 218 
GAGs 147 45 Aas Pilea = Wali Sc Oe TBE, 
Cc 69 222 55 Nema Dae | eaten Goi ets 
CeO be 50 EDO) ae ee (ise |) DAS 
Ort ON aie | 4.) Av SS) SRDS Se iat te 207 169 
) 174.13 44.74 210.94 194.79 
@ L78.16 


@ Average of yard. 


@ Unidentified eggs added. 
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TABLE V. ANNUAL AND BEST TWO-MONTHS PRODUCTION 
Yard 7, 1912-18, Barred Plymouth Rocks. 


Production | 


- | Begs Regs Kegs 

Hen 1st Best 2 Dam| Ist yr. | D.D. 1st yr. | S.D. ieee 

No. year months | . 

| L : aie = 

Cue ig tas 43 207 169 ia cee en. we 65 | 2158 
COM Urls 207 51 204 183 65 218 
(Cy as 172 43 £07 | 169 65 218 
Caco) 198 42 B 154 ial 207 169 
(Or Urge 1638 CUE aw nls oe Fe ball bg Ie es aN || cee Tne ee I ce ae 
CATS 199 45 A 116 218 | 65 218 207 169 
Cao: 201 46 207 TG OS Be ects ee eee 65 218 
Cor86 202 ayal Rice pieces ee | Lass: wee yeeaecect © here Seer es 
Oo) tal 180 39 B 1h90 105 A 1i6 218 207 169 
) 200 AO pees | eee ere ene eens | Mee ee | ee Will fa iat See en 2 
(© 65] 186 49 A 106 202.° || wes: 207 169 
C 84 165 41 Pale 1 204 183 207 169 
Caso 188 44 226 GE me ae See | ee seer 65 218 
C 86 176 44 A106 20 2 eee | eens, a ee eee 207 169 
GC) Hf 204 44 3 150 105 A116 218 207 169 
C 88] 188 50 226 6 ORR se | eee pei ee. ee 65 218 
Cc 8&9 2h 49 207 GO) 1 t) Seats | 65 218 
Cresi0 215 51 B 154 191 204 183 207 169 
Cust a9 SD ee peers eer en | eee AR | Oe ee 
(Gas Lo7 48 \ 88 LS ieee ee ste A) we ce Men 
93 161 CAGE se Eitrek nt Wey TP Ns Pt. oe tal Atay am Sn a ree my , ee Sie ee 
C 94 = was | 46 senhe re how eseeer all ates SNM eae Eee eees deter 
Cc-y6 | 180 49 £07 pW oR a DN eae 65 218 
(OP La 149 33 Se aie eee eee ec ce IN Lee ee 
(Oy ORD LTS 49 A 96 Otay | leat ret” Ole es 207 169 
Cc 100 111 OY A105 PAU © 0 eee 207 169 
C101 1 41 |A 116 218 65 218 207 169 
C102 | hive 37 \ 165 COOPERS) ctu eee tne eee. 207 169 
C103 193 46 A111 | 04a ge eee em ile eenee ss 65 218 
C104) 174 AS | eee een er Ae Yee ee ee 
C 105 188 A | ie eee mane nee Some OPN ee ea eB eee? (TY Ne ean eee 
C 106 189 48 A 106 ZOZI ae will) gees 207 169 
C107 133 46 A105 200 He EAT ee 207 169 
C108 193 30 B151 13 |; A116 207 169 
C110 a EEL OLB ene ere me ie cere, Mili ee) 8 || \ SR | Aa atees 
Crd 178 50 A 146 LOZ al, sets ae 20 LG 
Cerys 219 53 Blb4 | 191 204 183 207 169 
one | 177.43 45.22 181.37 | 202.44 185.96 
Ores | 180.97 


a) Average of yard. @ Unidentified eggs added. 


concerned, under the same conditions as those of subsequent years. The 
average of the annual individual records of this yard was 117.64 a hen, 
or including eggs laid outside of nest, 120.68. 


Third Generation. Table III gives record for yard 15, pullets of the 
second generation from the original flock. These pullets were not 
pedigreed; that is, the egg record of dam and sire’s dam is not known 
except in the case of two hens; but the pullets were taken from the 
original flock as a whole after one-third of the poorest had been dis- 
carded. Of the two hens mentioned, one laid 218 eggs and her dam 
laid also 218; the other was from a poor layer, laying 45 eggs. 

The record of this flock is higher than would be expected from the 
production of the dams, but the explanation is, no doubt, in the possibil- 
ity that environmental conditions were specially favorable to high pro- 
duction. The record shows that this was true in some respects at least. 
They were hatched at a uniform time, and came to laying maturity early 
in the fall; in this respect their conditions were more favorable than 
was the case in earlier or later years. 
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The significance of this record is discussed later in the study of 
rate of laying or short-period production. The fact, however, that the 
flock from which yard-15 pullets were produced was a culled flock, 
approximately one-third of the poor layers having been taken out, is 
no doubt responsible for some of this increase. 


Fourth Generation. The records of the pullet flocks of year 1912-13, 
Tables IV, V, VI, offer the first results of pedigree work, or the records 
of pullets of known production pedigree on both dam and sire side. The 
38 pullets shown in Table IV were from the six best hens in yard 15, 
1910-11, whose records*are reported in Table III, and whose sires were 
two males from dams shown in Tables I and II; namely, 65 and 207, 
records 218 and 169 respectively. Table IV shows that the 38 pullets 
varied in production from 268 eggs to 8 eggs, and averaged 178.16 eggs. 
The average of their dams was 210.94 and of the sire’s dam 194.79. It 
is worthy of note that the highest and lowest records in this yard were 
made by two full sisters, though probably no great importance can be 
placed upon the record of the lowest hen, C60, which was 3 eggs. 
While this hen was in apparently good condition until Oct. 19, 1915, near 
the end of the third year, when she was marketed, it is not impossible 


TABLE VI. ANNUAL AND BEST TWO-MONTHS PRODUCTION 
Yard 8, 1912-13, Barred Plymouth Rocks. 

Production | | | 

| Eggs Hees | | Hges 
Hen| ist Best 2 IBEniN| ASE Mae || IDDY Istyr}| S.D. | Ist yr 

No. | year months | ' | | ‘ 

2 2 IL = = | 
(olny ear 52 Beth alters Ges 01 eres Seen © SAVE | 169 
CMA 139 35 AC TSiCn 20:4 more fey |) ROY 169 
aly 186 48 AS Pa [io 6 Ee are 207 169 
Cig 173 49 207 169 Eh ia ae 65 218 
CGHnte 241 50 A 96 204 ee ea) eat 2) 207 169 
C120 173 41 Aree 203 Os ae tae 207 | Ao 
Creal 166 36 A 106 202 ore Dee Ow ee 207 169 
C122 183 44 A 79 SUEY fel Py Fears Figs 207 169 
© 129 139 42 KBE 213 ee eae hee 207 169 
Oe 149 | 46 ATS 213 a hiae Ss 207 169 
C125 1E8 4G A 179 219 1) ie RB ts: 207 149 
C4126 107 3 SaGWE PSs TW Wee 207 169 
CUTAN Gul 50 A111 Kye 5 ie 
C128] 196 58 RTE Dues ENN Gara: 65 218 
C129 174 47 UG Ne wy Mal WEED yo 207 169 
OIL) 10s 41 A 95 20a he Paes 207 163 
(Oh alsys) 207 40 EN7 169 65 218 
Ges 182 55 A 115 ee We | 207 166 
C 136 191 42 B 150 WOH) ee nee, 207 164 
C137 223 48 All DOG oe 65 218 
C140 126 3 22.6 GOK! ah IS eee Mele a5 Digs 
Ci41| 144 45 SSN MEO TSS ih Male on alle eee 207 169 
C143 180 42 204 183 Pe 65 218 
C145 190 51 ATO) 219 Pek 20% 169 
C146 209 52 A 122 DOUMNL | aeeie Wt gale ag 207 189 
Cai seta) eds Kay Bs | Lee Sie | aie 
C148 L66 36 IX. 33 2 Ba RRs ene ONT 169 
CPD50)| Aner gem RON ACI UGl MeO i ile. eae eo0n 169 
C 151 107 27 IR. ee CE WN Pie oe oe lhe 5 ee 65 218 
C152) 195 58 ZC G noes) eae Te 65 218 
C154 39 43 IS TOG Say Te ene | BOK 169 
Grs6 | fais |) 46 St ee Od a | ee iene ROM 218 
C157 189 38 if WRG MOK | eae | Boe 169 

Eparnalle inti. ie Ss apron 

On i ‘171.69, 41s) oe He OG emGralle ae een nate eee | 183.85 
Ole 174.18 | 


@ Average of yard.) @ Unidentified eges added. 
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TABLE VII. ANNUAL AND BEST TWO-MONTHS PRODUCTION 
_Yard B, 1913-14, Barred Plymouth Rocks. 


Production | | 


= Eggs Eggs | Eggs 

Henieist |) © Best 2) mam | istyr. | Dib: iat yee WS yl Matent 

No. | year months | | ; 
Tr 66 150 (| 32 ©@ Gy) Bey Amati 214 A116 218 
TD 67 151 51 Ging 139 A111 204 eA ter oa memes 
EER 219 | 55 Yad. 5-6 eA Cilteee coal getline Vast hake eas sete 
D 69 229 54 A 79 CRIB © allie ees NI ae AST oo 259 
wm 0 144 42 Cc 61 158 A 79 219 65 218 
itr al 209 a) Cc 64 235 A 122 259 | A 116 218 
iy 12 165 | 43 H 26N 139 204 183 A §1 203 
D 74| 244 54 A %7 2A || eet | emo oe A 122 259 
Diego | 20.10 | 46 IR fi I pean aN mee ek Ne A 122 259 
ie» % 208 48 Cc 64 235 A 122 259 A 116 218 
D 78) 215 | 48 oN Fes) ai eee dee 2 ee lL eee AL 22 259 
D 79 109 47 2 2 (5 169 65 218 IN Gal 203 
LE 80] 98 44 Cc 58 205 IN tl 214 A 116 218 
iD Se 1°90 48 C 64 235 pee: 959 A116 Dike 
ion 236 53 C146 209 A 122 £59 IY 214 
iD) 6h) al ee A 105 200 2 ed eee A 81 203 
D 87 243 52 Cy aw 188 IN 483 213 A 116 218 
ass 153 44 16 159 188 207 169 Seri 214 
1* 89 151 42 Cag 142 EN Disa 2038 A 116 218 
dD 90 240 54 Cc 64 235 A 122 %59 A 116 218 
Testers 14:77 37 C 149 171 eS 213 A 116 218 
D 92) 259 53 CRESS 225 | A 79 219 45 218 
D 93 iil 54 Cc 69 BOY IN, UE 214 A116 218 
D 94 112 42 A 98 201 heees ett) eet. IN TRL 203 
I) 95| 194 48 C385 225 A 79 219 65 218 
iP Oye BOA 51 Yd. 6 Pen eee eee eee Ipc: ose ly eee 
D 98 182 49 Cc 69 232 IX the 214 A116 218 
D 99 86 35 © 40 151 OTT 214 A116 218 
T) 100 213 46 CG 44 227 VN aiielt 204 A 78 213 
D 101 166 50 CI 45 fiat ASH 203 A 116 218 
D i02 166 33 204 TLGe eal hee ae as Aa 214 
D 103 179 46 226 160 65 218 A 81 203 
D 104 183 48 IN Tas Sai © I ath a ee A 122 2h 9 
D 105 167 54 CAG 201 Nee 214 A116 218 
D 106 225 49 Cc 50 224 eT 214 A 116 218 
C107 179 43 Cm 157 IN 214 A116 218 
mos LS 48 @ Zi Wee A 79 1y 65 218 
D109 130 45 \ 106 202 A 122 259 
iB Tesiby) ales 52 Cm 199 219 05 218 
iy aie 160 49 G58 205 214 A 116 218 
D113) 199 51 A 93 D(a dart Lee | ma econ IX Sil 203 
Tyas if sarki) 43 B 246 116 160 IX. eh 214 
Diie\, 184 50 I; 159 188 | 169 ii 214 
Dii7| 169 47 204 “lee eT eee IY beak Ue 214 
IBY THES ISR 55 C 64 235 259 A 116 218 
D119/ 209 50 CG Be 235 259 A 116 218 
D 120 95 41 Cust 199 219 65 218 
Di21| 149 43 B 160 119 | 169 Awe Tn 214 
D 122 162 37 is 246 116 160 Nee TT 214 
D123| 233 52 A 79 DO gram || foe Sane eee A122) 259 
I) 124 ilC mem 37 226 160 65 TS A 31 208 
ID APG || — ite | 2 vice Tel meee eee yc Se All1| 204 
One 178.75 | ACh S Sime a oat leaaiO\3 55 Gol | eee rene Itsy (N5 | eae | 220.52 

| = 

©... | 185.00 


@ Average of yard. @ Unidentified eggs added. 


that her low performance was due to some physical condition of the 
egg-laying organs, not at all related to any inherited capacity to lay. 
Table V gives a record of yard 7 containing 37 pullets that made 
complete one-year records. They averaged 180.97 eggs a hen. Their 
dams averaged in their first year 181.37 eggs, and their sire’s dam 185.96 


eggs. 


TABLE VIII. 
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ANNUAL AND BEST TWO-MONTHS PRODUCTION 


Yard C, 1913-14, Barred Plymouth Rocks. 


‘Production 


1 ae = Eggs Eggs Eggs 
Hen 1st | Best 2 Dam 1st yr IBID), 1st yr SH ale Simi 
No. | vear | months 4 | 
orl \ 3 NPP) Bele 
28 | 4 | 48 x, WS 21Sae Be \eeense : ae y ee 
Bua 189 49 © G8 147 | A 78 at wate ane 
1130 183 48 Cc 70 152 aN We Dil AS ees 
D131 173 46 IN 1B ong me A eee) or 
D132| 158 48 tl 4 Alls “ la 459| 959 
913% 216 52 A 135 ee pees A122) 25: 
D 134 88 37 Co atts eso 214 an — a 
D 135 188 47 A 78 213 ecoret N gge tee Be 
LP 138 177 57 A 78 | 218 J ssssecee | eaeome EARS 55 
1189} 108 53 A 78 218 Pee lee a 
D140; 164 40 A 78 138 ie eee Ree = 
D4) 125 37 A 78| 213 ee ae eee Aa 
D144 133 49 CHGS 147 A 18 213 A 2G 
OD 146 117 | 46 C 146 209 A 122 259 AT oe 
L147 129 34 Cc 49 194 jA 79 219 C5) 2's 
9 212 45 AMGEN EOK|! eons © | eras ; ae See? |) Coe 
D 150 196 54 Cc 68 147 YS le AG TCT areal 
iD ate || 3y “ie : i Ses OG Ree eee lee ee | oer 
D154 248 54 Gut b= Gilt eee ee ee | ee eee = oe 
Dassa 187 45 A105 200 ASS ae 
1) 156 159 48 A 93 ANGIE || eee i eee. A bil 20: 
D157 175 42 Gi Be 218 ALA 264 IK, US £13 
D158] 101 47 B 159 188 207 169 p Aver TI 214 
9159} 165 50 Cc 40 151 AN Hig 214 A 116 218 
D160; 159 48 PNM at Ge 2.4 |e ee | ee UT 214 
1162! 203 48 Omes 225 a 7) 219 65 218 
D i64 151 54 B158 131 226 160 A 77 214 
D165; 193 51 RTS 213 ee a A122 259 
D166) 217 53 Caras 177 ITE £19 (5 218 
D167) 142 24 © Gil 158 (2 26 £19 €5 218 
TD 168 163 50 Cus) 58 ie 219 A T7 214 
D169| 107 esi Ex 178 IN an 214 A116 218 
TONS 42 A 93 D0: yl epee ee Gees IX {Bil 203 
L171 224 50 Al1l11| 2064 eae eee ATT eke 
1 221 58 B 252 96 226 16( AT ada 
i) hg | 30 154 191 204 183 IX, Bil 203 
D174| 174 46 B1s§| 131 | 226 | “too eM Arai meat 
Digi 02 43 Cc 45 201 IN ay 214 | A 116 218 
ID) ld | QBS 58 A 8B TOT eee le ee A122) 259 
D 178 188 53 A 106 Xe | gta ss A122] 259 
1D 130) BES 61 C 125 158 INS) 219 ya Q14 
Eats 2a ea 42 AT Sa PPPoA ee eee | mee ee. IX UPD 259 
D 183 218 52 Yids.6 ec.) Up SEC ail, eee Th eee |e 
T) 184 122 43 CG 194 A 79 B19 65 218 
D 186 160 52 H26N 139 204 182 IN EY IE 
Die | TEN 28 SY CUS Gillie Meee mei I oe | ean ee Bes 
D 188 179 46 SOTA eee cee | eee Alll 204 
IO AON 76 42 NOOBS IN « Sepce IST 204 
192 217 54 svi 7| eee Ati) “204 
1) 493 193 h G3% Vita [a eee PTT |) DO! 
19194] 177 39 SY. C7) |e ee eee yy Lita 204 
| | —_ — = 
Om | 169.41 AGH Y ieee 133.320) ee eee XN bh a: eS 2aN a 
®......| 175.59 
@ Average of yard. © Unidentified eggs added. 
Table VI gives a record of 33 pullets in yard 8, 1912-13. Their 


average production was 174.18. They were late hatched, on the average. 
Their dams’ records averaged 196.76, and sire’s dams 183.85. 


The average of the 108 Barred Rock pullets in yards 6, 7, 8, in 
1912-13 was 177.91. 


Fifth Generation. The records of the next generation of Barred 
Rock pullets are shown in Tables VII and VIII, yards B and C. Fifty- 
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TABLE IX. ANNUAL AND BEST TWO-MONTHS PRODUCTION 
Yard L, 1914-15, Barred Plymouth Rocks. 


| Production | | 
| Hees | Eggs Eggs 
Hen) 1st } Best 2 Dam 1st yr ee seers 
No. | year months arg e: | Bo WERE RAP AM DE BANG 
- | Ie 
1h AS ae 49 | ee BO Dye OTT 2 99| 959 
E580| 134 40 Ya. B ie ie Aas a3 
eee al Wee al one fai | his) id 
i } 3 76 198 191 | N | 
E591) 196 48 Vide. e woe a: ere o18 
M594) 222 46 Web iew hon. IN Te 213 
F595 158 46 CBs 20K 219 Cc 69 232 
E596) 182 | 2p ARC shh too MTS 213 
E597) 200 47 BY clS Ey | eee remem eer hee ec IX 213 
ES 599 ie |e) (Capac ae INS PS 
1 602 ieee 43 C151 167 £14 IX ay 214 
M605 199 |} 50 VG SB WG eee wee ee || Meck A 178 213 
1609 195 49 ies Bat (Pe ee | a Salle eS ACTS 913 
BHéu 134 31 Ch dil || aleey A 79 219 Vda | 
E612) 204 | #2 A 96 204 [ee ae A 122 259 
£13] 175 | 49 G2 175 « 8 213 Vid s74) eee: 
WOT | 22 54 Cc 50 224 Ng 214 A 122 259 
E618) 108 39 NEE Se| te beaceee | eee < A 78 213 
E619| 185 50 CHITA LSS A 79 £19 HiIgN | 44d 
B 621 129 52 Cc 50 224 |, tee 214 A122) . 259 
#622) 155 | 38 Cmis 142 PAGS 203 NOY 214 
E623) 218 48 Waist || ae ace eene weed Aa aS 213 
£624) 189 56 @i1¢3 |) 193 B 151 136 Vidi a 
Ts 625 177 | 44 CG 63 140 Te af 214 Veale 
¥) $26 201 43 204 183 ign otal ellie Ne a eclea 7 ee 
Tz 627 160 | 40 Ei Teil PAGS aie AW Waele) kas 
GOR || Orly 43 C 63 140 AG CGT £14 NG |) sce 
F629 186 52 CG at) aga A 79 £19 ON meee 
FE 660 210 q Cc 41 iNest \ 79 219 Vide vie wee 
E631) 160 37 SSCL aaa i lp eel gi eo MTS Ons 
BH633| 114 32 204 ESCH SrA liege said ha eee Vida |e eee 
F634} 175 | 41 £04 S'S Anan) See NN eee YR YI! akc 
2288 143 _ Ce2 175 ues 213 DAYOAN) © dens. 
~| = & 
Omer | 176.36 | ABO neat DS SREB) Se oe OSG cesses | 216.19 
@O ax 185.78 | 


@ Average of yard. @ Unidentified eggs added. 


two pullets, yard B, averaged 185 eggs; the dams averaged 193.86; 
dams’ dams, 215.05; sires’ dams, 220.52. Table VIII shows an average 
production of 175.59 for the 51 pullets in yard C, with dams’ average 
183.32. Dams’ dams 205.75 and sires’ dams, 224.57, high record of 
268 eggs, equaled the previous high record for Barred Rocks in the 
previous year, yard 6. In a few cases the dams’ record is low, but with 
dam’s dams high and sire’s dam high, they are left in the tabulation. 


Sixth Generation. The sixth generation of pullets is shown in Ta- 
bles IX and X, yards L and P. The former averaged 185.78 and the 
latter 189.01. The average of dams in yard L was 181.33, of dam’s dam 
208.71, and sire’s dam 216.19. In yard P the average of dams is 213.84, 
dam’s dam 214.81, sire’s dam 231.68. 


Seventh Generation. A shortage of help and interruptions due to 
war service were responsible for the small number of pullets available 
for experimentation for the years 1915-16 and 1916-17. For the year 
1915-16, no records can be given for comparison. In 1916-17, yard 18, 
Table XI, averaged 201.9, with dam’s average 247.36, dams’ dams 197.44, 
sires’ dams 223.13. 
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TABLE X. ANNUAL AND BEST TWO-MONTHS PRODUCTION 


Yard P, 1914-15, Barred Plymouth Rocks, 


| 


201.90 


| Ip Tt] 
| : er Dam Ist yr. Deas Rggs — | eee 
Hen) st Best 2 1st yr. $.D. st yr: 
No. | year months Eggs | 
E501) 157 | 47 C1521) 7195 MeO" 169 | A 78 | 213 
E506) 189 | 38 A 78 213  aesce fo ease ae | se 
EOFs Ts 44 A 78) 213 eee eae jane 505 
E508 | 165 49 C 166 | 233 A 96 204 (© 6 SHE 
E E09 136 45 C 152 | 195 207 169 A 78 San 
7 501 135 31 Cs 219 B154 19t C264 235 
B 512 183 47 Cray 219 B 154 iyi (© Hs es 
514 193 38 “A 78 | 213 Po seers woos Ces Ls 
E515 245 ay Cr 210 WeArisist: £04 Cc 64 235 
BE E16 ueyzé 43 A 78 213 Wer Aer Cc 69 ee 
Eos 152 56 C 166 | 233 A 96 204 Cc 69 232 
ME19 141 44 Cr 56 210 VeAy Pit 204 C64 235 
E 520 176 45 Ca Cia 187 A lll 204 C 64 ee 
18) yall 246 48 C146 | 209 A 122 209 Cc 69 23% 
BH 523 179 40 CG Oe 215 B 154 191 C 69 232 
1 5265 | 226 54 C 166 233 JX IS} 204 (o 69 | 232 
1 526 140 42 DE aa Gi 214 ra oo Cc os | on 
BH 827 155 41 C146 209 A 122 259 Cc 69 232 
B529| 156 40 AL TAM Gee” Wir ere lt ctor C 64) 236 
E6381 | 231 57 C146 | 209 A 122 259 C 69 a 
ay bed | 198 48 C146 | 209 A 122 259 € 69 nee 
Ti) 534 222 54 C146 | 209 A 122 259 nS 69 232 
1585 195 46 C146 209 A 122 259 he Cove: e2 
536 209 51 OPTI lots Wal ieeeaemer eae C 64| 236 
BH 6é8 150 42 ClL2i} 219 |/B154 TIL (® 64 235 
HT 539 182 45 A 78. 213. Ree ole hye Ss 69 232 
1 542 238 58 C 146 } 209 A 122 259 Cangas 232 
In 643 243 52 C146) 209 A122 259 C 69 23% 
Fi 544 133 £5 Be tet AS = ee oll ge eee C 64 232 
E545 244 49 C90 215 |B 154 419i Oe 1a)! ae 
E546| 218 52 AS AUST 1S en ae C 69) 282 
648 173 47 Fans at ai 2A Hi es Sabo C 64 | 235 
1549 176 48 C 56 210 Alll 204 Cc 64 235 
bs 137 1] C112 219 B 154 LOH (Ore (ot 435 
BY 555 | 143 | 41 € 56 210 A lil 204 ) 64 | 23 
Banyo 158s) 4g C 56 210 | A 111 204 C 64, 235 
B557| 234 57 Cm66s) e338 |A 96 204 CG 69|. 232 
1 558 | 221 56 Ce et By) 241 | A 96 204 A (8) 213 
Le eae ae = | | =} 
er eel S 206) 46060) wa ae eR ees fedet | See | 231.68 
| ¥ . 
Oi), 189.01 | 
@ Average of yard. © Unidentified eges added. 
TABLE XI. ANNUAL AND BEST TWO-MONTHS PRODUCTION 
Yard 18, 1916-17, Barred Plymouth Rocks. 
| Production | | 
= rs Eggs Eggs | Eggs 
Hen | ist | 3est 2 Dara TStRy rol Dal: 1st yr. S.D. | Listas 
No.| year months | | 
ch aaah aie Date wes A 83 167 C50) 224 
Gare 203 49 Deh 259 C 35 225 GP 75105) 224 
Grae: E95 58 E561 eT ee Se wll ee c 50 224 
G 4 183 53 Ei 561 GSD ON eRe eee Reais C 50} 224 
an 5. 214 44 Ipoomelaee 268 A 33 167 @ 5.0) 224 
G7) 220 | 50 Ty 92 259 Cirsc 225 CEO 224 
(Sar eee 57 D v2 | 259 C586 225 Cribs 284 
Ge Pa iG D377 | 268 A 88 167 G50) 224 
G10) 179 48 92 259 Cw 35 225 C 50} 224 
(Galat] 185 45 W643 | 243 C 146 209 Daa 214 
G sh 154 | 52 Jabeatgare 268 A 83 167 Cc 150] 224 
One. | 194.45 51.18 | CANES Goll eee 197.44 || aes | 223.13 
On 


TABLE XII. 


Yard BH, 1917 


-13, B 
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ANNUAL AND BEST TWO-MONTHS PRODUCTION 
arred Plymouth Rocks. 


Production | | 

Eggs — Eggs | Eggs 

Hen | 1st Best 2 Dam | Ist yr. | D.D. | ist yr Sap ise ie 
No. year months | 
(= 4 ‘ a ; 
1 OO 46 G7 220 D 92 259 D 52 21 
H 102 | 140 41 SL SESE ener ol]| ieee Sea D 87 243 
H 103 239 51 F 83 179 C 56 210 E543 243 
H 104 205 44 (eo 199 1oy AG 268 Dy 452 214 
HO105 204 50 Gri 220 Dim o2 259 1D) 2 214 
Tf 106 227 49 KF 90 209 D 154 248 EB 543 242 
EL 107 211 45 ll 199 ioyslary 2€8 D 52 214 
1L108 158 44 T' 84 169 D 156 159 B 543 243 
Ili09) 133 43 G 10 179 D 92 £59 1D ae 214 
Hii1| 214 52 G 3 195 E561 185 D 52 ale 
Ei 112 204 41 G@ i 185 B 543 243 D 52 214 
Tp aetig} iy || 47 Fr 90 209 D {54 248 BE 543 243 
H114 206 54 Yd. M Rite 2 er eee D 87 243 
FL 115 74 31 Es 271 |A 96 204 iDyalig’7 268 
L116] 208 48 BC At hh eee || eee, Gee D 87 243 
H 118 | c4 28 DCSE NS Neer oe lee D 87 2433 
FE 119 igi | 46 ACN ES eS | kee ee I as Dit 268 
H 120 211 44 BG INI || Se 2 le CET ee D177 268 
H12Z1 185 | 5 Nal ee |G oe | | gees ; D 29 270 
H i22 240 | 48 Kr 4 192 D 100 213 E543 243 
H123 189 54 VCS Dy eee ee ae D 39 270 
FL 124 207 53 MeV ee en es hs D 87 243 
ini 1s.) gS Bs Sarit | ee ee ae D 87 243 
H 126 184 52 Yd. M sce = Oe D 37 248 
E127. «162 44 G 166 243 D 136 223 D 87 Hee 
EC 128) 217 46 NON ee etc. Was Div7 ae 
129 | 54 27 Yad. IG ilk Wee yh Pesex D 177 ae 
El 130 251 52 Tid Nee a ease ie Foe D177 208 
H 131 191 50 NGLIN |) : oe ae D1t7 ae 
H 132 242 47 ee 16% Caine 219 D 84 oe 
TEE TES} PH iy NONE |  S2ee ) See  ee Oa yy 208 
H134|- 269 58 CN lee | ce Dames 
Ff 135 | 91 32 FAG AING ||) oe pax — pay a 
H 136 219 41 F 4 192 D 16) 213 E 543 oe 
Hf 137 224 44 EF 89 182 TD 126 223 E 543 ae 
E138 | 234 49 MORIN NM ees 9 PG aeee iy c » ae oe 
H139| 158 46 RCN ES eae SN eee | eee were ae 
H 140 210 42 SEC Va sea ee oe g ae He: 
Hi41| 135 35 paca 0e ee | one aes Dist) ek 
H 142 268 53 EYL RIN al geese em ee | ee Bos mee 
H 144 210 51 DSR OO! eee Me Rees nee Ae 
He145 270 5G CLINI | Ree ee > ee Re moe ae 
F 146 DEE ql BCL RONG taceee Palle feces ee. Oa 
H147 200 47 MCIRING? |e |e | beeen Baatsl ee 
H 148 391 50 AVRO DR Mace ens] enecs Bee pieced tee 
H 150 183 45 Bo eee oe eee ee need ike 
H ik 153 44 ORO Taree. eee maicreee: 
TEE q[lays3 || aye! 52 ACTING || oe Pe ekeges, | Wl acres ane Ges 
H 154 yi | 538 PCE || ee | een ee ayaa oes 
Vs Balai) 244 54 Alo INE Ii! Feeds S\N ees” || ee D177 268 
FL 156 226 53 pYiCl ING ec ke | cee |) es neen 435 
H 157 225 50 EY: Gaeh Oem Mares || eC Pee Darr! noes 
a9 ae 20 50 SKU ONE || eee ee ow ese rn 268 
#1160| 21€ 46 Vd. Nf wee | wee] ee BH 561 185 
ERG 1 200 47 0 CeO ie | | ec ee 988 
F162} £08 60 MGE ING) tees 9 Ge ce eee 243 
H 163 215 49 BL (= mH 39 en6 
ist Ta) Ee 52 Vicia deraey jae eee | ane ae SA 
H166/ 282 54 SVidiearlive |r eet Nes eee ali eat. eee te 
E167; 244 54 Sr lea pete Nh eee: Dee 
H168/ 200 47 gels by Me, cores. 1g teeter (MRerreere ae 370 
H 169 203 46 “Vim lies |||, Pent || wet ene tlle eects 
i ‘ 229.47 44.58 

(Oy) Soa 202.40 | ATET OMB babes 200.23 | 229.47 Hanis 2 
@......| 214.63 


@ Average of yard. @ Unidentified eggs added. 
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Eighth Generation. In the eighth generation, Table XII, there are 
62 pullets in yard E with average records of 214.63 eggs. This shows 
a rather remarkable increase over previous year, possibly more than 
would reasonably be expected in one generation as an average. En- 
vironmental conditions were more favorable than in some of the pre- 
vious years. The dams averaged 200.23, dams’ dams 229.47, sires’ 
dams 244.58. In several cases the dam’s record is not known, only the 
yard in which the dam was bred. In those cases, however, the record of 
the dam was high, for all the hens in the yard were of good records. 


Effect of Close Confinement. To determine how much of a factor 
methods of housing and yarding are in our breeding experiments, a 
pen of twenty Barred Plymouth Rock pullets from our experimental 
flock were confined throughout the year, 1915-16, in a house 8 by 12 
feet in size. It was the same style of house in which our experimental 


Fig. 2. A pen of the Oregon Station’s strain of Barred Plymouth Rocks. This 
pen tied for second place with a pen of the Station’s “Oregons” in the egg-laying con- 
test at the Panama-Pacific International Exposition, San Francisco. The Station sent 
three pens and won the first three prizes. 


flocks were kept, but the experimental flocks had the liberty of outdoor 
yards at all seasons. This pen averaged 182.6 eggs a year with high 
record of 289 and low of 85. There were no deaths during the year. 
This record is practically the same as for the experimental flocks of 
the same breeding, and indicates that conditions as to housing and 


yarding are not important factors, so far as indoor and outdoor manage- 
ment are concerned. 


It is understood, of course, that this test and these conclusions have 
nothing to do with the question of management as it affects breeding 
stock or reproduction. Because of radical difference in environment, 


the record of this pen is not included in tabulation in comparing the 
effect of breeding. 
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RESULTS WITH WHITE LEGHORNS 


Foundation Stock. The production of the original stock of White 
Leghorns is given in Table XIII. These pullets. were bought from 
different breeders in Oregon, and fifty were used as foundation stock. 
The production records for the term of the experiment embraced 386 
pullets. 

In the first year, the average production was 106.88 eggs a hen. The 
highest record was 183 and the lowest 2 eggs. 


Second Generation. In the second year (Table XIV) there were 
only 21 pullets with records, the highest being 229 eggs and the lowest 
3, average 104.67 eggs. In this case, no “floor” eggs are counted, there 
being no record of unidentified eggs. Were these eggs accounted for 
the record of these pullets would doubtless have equalled the record of 
the previous year. These pullets were not pedigreed birds but pro- 
duced promiscuously from the original flock and from males of unknown 
ancestry. Some of these pullets were later used for breeding. Hen 034 
was our first 200-egg Leghorn, and was the foundation of our high- 
producing Leghorn stock. 


Fig. 3. Pen 3 of White Leghorns, 1914-15; record 230.12. See Table XVII. 


Third Generation. In the third year, 1910-11 (Table XV), there 
are only 10 pullets available. These were not pedigreed, but hatched 
from the foundation stock after the poor layers had been culled out. 
They averaged 164.10 eggs with highest 240 and lowest 98, hen A27 
making a record of 240. This hen lived until she was 8 years and one 
month old, and in that time had laid in trap-nests, 1188 eggs. All of 
the present Station Leghorns trace pedigrees back to this hen. | 


Fourth Generation. Table XVI gives the record of fourteen White 
Leghorn pullets included in yard 9 of Oregons, 1912-18. They 
averaged 208.93 eggs with dam’s average 223.85 and sire’s dam 229. 
Three of these birds it will be noticed were from an inbred mating of 
dam to cockerel. Their numbers are C526, C551, and C584. 


Fifth Generation. In 1914-15 (Table XVII) sixteen pedigreed pullets 
in yard 3 averaged 230.12 eggs, with dams’ record of 242.19, dams’ 
dams 222.33, and sires’ dams 233.138. The highest record was 302 and 
the lowest 148. This yard produced our first 300-egg Leghorn. In the 
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Fig. 5. These charts show graphically a progressive increase in production by 
selecting the best layers in the flock for breeding. Chart 1 is the record of an unselected 
pen of White Leghorns; Chart 2, an unselected pen of crosses; Chart 3, a partly se- 
lected pen of White Leghorns and crosses; and Chart 4 a pen bred from high pro- 
ducers or pedigreed stock. Chart 4 is the result of breeding from the best hens repre- 
sented in Charts 1, 2, and 3, all better than 200-egg hens except one, and this one laid 
234 in second year. Full sisters in Chart 4 are represented by lines of similar pattern. 
A son of O34, Chart 1, was the sire of all the pullets except daughters of 250, this hen 
being inbred to her son. There are also three daughters of O34 inbred to son. Fewer 
poor layers and more good layers are shown in Chart 4 than in the flocks from which 
their parents were selected, but the increased production has not been followed by 
uniformity in production. The average production of the daughters does not equal the 
production of the parents, but there are individual pullet records higher as well as 
lower than the production of the parents. 
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Fig. 5. These charts show graphically a progressive increase in production by 
selecting the best layers in the flock for breeding. Chart 1 is the record of an unselected 
pen of White Leghorns; Chart 2, an unselected pen of crosses; Chart 3, a partly se- 
lected pen of White Leghorns and crosses; and Chart 4 a pen bred from high pro- 
ducers or pedigreed stock. Chart 4 is the result of breeding from the best hens repre- 
sented in Charts 1, 2, and 3, all better than 200-egg hens except one, and this one laid 
234 in second year. Full sisters in. Chart 4 are represented by lines of similar pattern. 
A son of 034, Chart 1, was the sire of all the pullets except daughters of 250, this hen 
being inbred to her son. There are also three daughters of O34 inbred to son. Fewer 
poor layers and more good layers are shown in Chart 4 than in the flocks from which 
their parents were selected, but the increased production has not been followed by 
uniformity in production. The average production of the daughters does not equal the 
production of the parents, but there are individual pullet records higher as well as 
lower than the production of the parents. 
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same year 42 pullets in yard O (Table XVIII) averaged 216.72 with 
dams’ record 236.97, dams’ dams 221.68, sires’ dams 237.25. 


Sixth Generation. In 1916-17, yard P (Table XIX), 49 pullets aver- 
age 188.96 with dams’ record at 209.74, dams’ dams 247.27, sires’ dams 
251.71 eggs. The large proportion of these pullets were early hatched, 
and some of them went through the moult in the fall, which doubtless 
reduced the production. 

In yard Q (Table XX) the same year 57 pullets averaged 172.65, 
dams 211.75, dams’ dams 241.56, sires’ dams 258.74. This yard was 
not under favorable conditions for high record. There was not much 
uniformity in the ages; some were early hatched and moulted, and 
others were late and did not start to lay early enough to make a good 
record. In the same year 11 pullets of yard 15 (Table XXI) averaged 
225.27, with dams 227.64, dams’ dams 245.09, and sires’ dams 242.18. 
These 11 pullets were of practically the same production pedigree as 
P and Q. The fact that they did not moult probably explains their 
high record. 


Fig. 5. A pen of the Oregon Station’s pedigreed strain of White Leghorns. This 
pen won first place in a year’s egg-laying contest at the Panama-Pacific International 
Exposition, San Francisco. 


Seventh Generation. In 1917-18, sixty pullets in yard F (Table 
XXII) averaged 222.22 eggs, with high records of 300 and low of 23. 
Unfortunately there is only a yard pedigree for the dam for most of 
these hens. Yard R was made up of high-producing stock that aver- 
aged 214.14 eggs, The 19 hens with individual pedigrees had dams of 
averages of 235.42 eggs. The sire’s dam, however, in all cases was 
from our highest record Leghorn, E248, 302 eggs in first year. See 
Table XVII. The production of yard F would, no doubt, have been high- 
er but for an accident or oversight in May when the fowls had no water 
for two days. This caused a reduction from about sixty percent to 


TABLE XIII. 
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Yards 4 and 5, 1908-9, White Leghorns. 


ANNUAL AND BEST TWO-MONTHS PRODUCTION 


Production Production | Production 
Hen 1st Best 2 Hen 1st Best 2 Hen | ist Best 2 
No year months No. year months No. | year months 
1 ie 50 26 112 oi 43 97 27 
2 83 34 27 150 | 40 45 119 33 
4 38 13 28 14 | 5 4( aabst | 35 
5 127 38 29 72 25 49) 2 | 12 
6 87 26 & 116 28 50) 104 33 
8 170 42 Sil 90 | 29 al 48 17 
9 95 33 = oe 2G 49 52| 164 41 
10 140 42 33 119 33 54 91 28 
ital 146 42 34 65 22 55 15 13 
eS 114 35 30 166 43 56 1€9 45 
1S 139 44 26 87 36 58 74 37 
1g)|| 1143 40 37 66 | 30 i] 158 44 
19 107 37 38 155 38 6uU 132 34 
21 154 38 39 128 40 61 rial 35 
22 76 29 40 185 | 45 62 | 34 14 
23 110 33 41 2 2 64 £6 36 
25 130 42 42 122 35 
INNASIREIERES VOR RANA Gh San a ere ge ne epee eer oer meet a ee 106.14 32.54 
ONE OM UIA OOMO S'S CLEC acces areca, Sena Ce en ee oe a opens LOG 28'S | emeeeees 


TABLE XIV. ANNUAL AND BEST 
Yard 9, 1909-10, White Leghorns. 


TWO-MONTHS PRODUCTION 


Production 


Production 


Production 
Hen 1st Best 2 Hen 1st Best 2 Hen 1st Best 2 
No. year months No. year months No year months 
0 33 ier fall 42 O 41 90 40 O 48 78 31 
O 34 229 47 O 42 5 2 O 49 155 | 36 
O 35 83 23 O 43 92 22 O 50 162 38 
O 36 105 41 O 44 64 34 O54| 178 44 
O 37 129 29 O 45 150 aye O 56 | 92 31 
O 38 3 2 O 46 38 19 O 57 | 66 33 
O 40 178 48 O 47 62 22 O58 68 24 
INSG ETE ENE) OWE SFE COR ee ee ar eo ree 104.67 30.71 


TABLE XV. ANNUAL AND BEST TWO-MONTHS PRODUCTION 
Yard 1, 1910-11, White Leghorns. 


Production Production Production 
Hen 1st | Best 2 Hen 1st Best 2 Hen 1st Best 2 
No year months No. year months No year months 
A27| 240 B1 A45| 215 47 || As6| 98 | 34 
4. 28 176 47 A 50 167 42 A 67 158 | 42 
A. 41.) 123 26 A 51 209 48 A 69 118 | 38 
A 42 142 38 | 
INSET PER ERS) COS OREN 0 | IE oe wk ne ih De ple ea re ee ee 164.6 | 41.3 
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£ 7 XVI. ANNUAL AND BEST TWO-MONTHS PRODUCTION 
se estacs Yard 9, 1912-13, White Leghorns. 


= pee ee Dam Eggs CE 2 Beggs SED: Eggs 

Hen 1st Best 2 1st year Stay i. 1st year 

No. year | months | 

504 243 51 A 27 PRU SM Sere | 034 229 

C DOT 215 53 IN BE 240 ees | O34 a 
C510| 226 | 47 A 45 215 | O34 

C514 214 | 52 A 45 Only O34 | 229 
Chis | 241 | 53 A 27 240 O34 | 229 
C516 267 54 A. 45 215 O34 | 229 
3520 IS 47 INP DEO 1) ees | O34 | 229 
CAG || PNG |) he O94 2295 ee | O34 | 229 

C 536 167 44 CHS al AS O 34 229 
Cron 219 48 A 51 209 O 34 229 
C549 163 36 A bi PAU Yas || eeRercee O 34 229 
(Ripe 225 Hill O 34 229 | O 34 229 
C552 217 44 A 51 209 =) )\| (eee | O34 229 

C A84 119 | 40 O 34 PONE, Gigli Se || eek O34 | 229 

| = 

Ore 207.85 ACE Ave eee 2 D3. Qi5 a" | eee HLT pete | 229.00 
() pee 208.93 


@ Average of yard. © Unidentified eggs added. 


TABLE XVII. ANNUAL AND BEST TWO-MONTHS PRODUCTION 
i ___-Yard 3, 1914-15, White Leghorns. 


Production | | | 
5 / | Bggs Eggs | | Eggs 
Hen 1st Best 2 | Dam | 1st yr. DD ist. yr. S:D.| Lsteyr: 
No. year months | | 
247 271 | 57 C 516 267 | A .45 alley | A 27 240 
E 248 302 58 C516 267 A 45 215 | A 27} 240 
Fi 249 209 49 IX Pl ZA ill Jeera er lt mee eons | O 34 229 
EB 250 | 2S 48 C 504 | 243 240 | O 34] 229 
lay abst 2357 50 iN, PHY 240 See | © 84] 229 
HnZb2 | 229 53 O 3 GP eal i eeeceosn Ce a A 27 240 
BD 258 | S63 52 A 27 Pas Bh Senseo S oallll eee O 34, 229 
BE 254 205 50 C 515 | 241 A eZ 240 O 34 229 
E 255 276 60 CeEai6 267 A 45 Eby, A 27 240 
E256 195 50 A 27 | aC UY i MW eee ay Py ae O 34 229 
BAe | aly) 47 ; GAGS pe 240 O 34 229 
Hi e258 234 47 O 34| 2219) | pee nee A 27 | 245 
B 259 189 50 C 496 195 B 228 167 O34; 229 
Fi 260 249 | 52 IN | 240 Nagetcne Crean allt is See 2 | Ouse 22 
F 261. 230 49 B 12 251 O 34 ys) A 27 240 
i 262 148 47 C504 | 243 | A 27 240 | O 384 229 
(Qin 1 227.00 | 51.19 Maso 242. 19° Aas 921013) 35\ eae 23303 
@ ......| 230.12 


@ Average of yard. @ Unidentified eggs added. 


forty percent in a few days, and it was a week or more before they 
got back to former production. 

In the same year, yard G (Table XXIII), 56 pullets averaged 201.85, 
and their dams averaged 234.5, dams’ dams 247.95, sires’ dams 236.81. 
Highest record 298, lowest, 56. These pullets were later-hatched and 
did not come to laying at as favorable a date as yard F. Had the 
conditions been favorable, the production of this yard would, no doubt, 
have been higher. 

As it is, the increase in production in the seven generations of 
White Leghorns was 105.51, the production of the last year lacking 


just one egg of being double the production of the first generation or 
foundation stock. 


TABLE XVIII. 
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ANNUAL AND BEST TWO-MONTHS PRODUCTION 
Yard O, 1914-15, White Leghorns. 


Production | 
7 Eggs begs Bges 
Hen 1st | Best 2 Dama isteyrs i) DID; ist yr; S.D, lates 
No. year | months 
fouetOs s| bi C516| 267 A 45 215 A27) 240 
ee 219 | 52 Yar Se aie || ena eens PNP 240 
E38 248 54 A 27| 240 Eel ag reese O 34 229 
igo ees0! | © 52 C516) 267 45 | $15 A27| 240 
ECT Lie) 50 C551) 214 0,34 1 £29 A2T| 240 
ie 82.0) |) 54 13) 19) |) Dis) oy YA NE at A27| 240 
E8| 215 49 C516) 267 A 45 | 215 A27|; 240 
EH 9) 259 Bil 1p | Bish | 34 | 1229 Agi| 246 
12 244 49 Yd. F * Paes ar oe JN 240 
M13] 258 48 B 12) 251 (oy Sl DNS A27| 240 
ie te) eet 56 Cri 267 | A 45 215 A 27 240 
B15 232 50 C504 243 Ae 240 O 34 229 
116 203 49 Yd. F topay rt ase coal ge A 27 240 
Ti 17 Pail | 43 Yd. F tL. Cues hl) Pawn A 27 240 
E18 229 | 3 A 27 O40 Nee || eter ae O 34 229 
19 235 | 50 | B i2 251 | or ee 229 A27| 240 
H20| 243 47 C516) 267 A 45 £15 A27| 240 
i 21 259 48 2) eee | O 34 #29 A 27 240 
i 24 183 47 Ya. F me bh pee See ee IN Di 240 
FE 25 211 50 Bie? 251 | O 34 229 A27} 240 
TS 26 219 44 C04 243 IX Dy 240 O 34 229 
B27 199 52 B 12 251 O 34 229 A27| 246 
H 28 184 45 n AWOL AR eee ees | ar ee IND 246 
T 29 258 55 Ya.F Sie ee ne) ae ae" A27| 240 
Js 30 108 43 C 464 175 B 228 167 O 34 229 
H $2 185 5 (1 C516 267 A 45 215 A 27 240 
R33 270 56 C504 243 IN Py 240 O 34 229 
fr 34 198 52 C515 241 1 IR Bee 240 O 34 229 
F 35 100 | 35 C516 267 A 45 215 IX OT 240 
EK 36 164 46 D718 254 C515 Daily Val eee Fete 
Dwell Pals 54 1D 399 144 Sa ee SO ee ere eng 
E58 128 44 Ds 327 162 i 2 DA o Wiesen sal ) oes 
120 245 48 B 12 251 O 34 229 A 27 246 
Fi 41 163 +7 1D) SO 162 Bs 83 Does) sees is. ees 
W42| 239 54 | dx, BH 240 te ee cer 0 34| 229 
B43 249 51 Hany yates 254 | C515 iiige 1 ee {gee 
BE 44 229 51 [pds Talento O 34 229 A27| 240 
Ts 46 169 49 » aL Fpl 209 eee | Pe Ree A27| 240 
47 156 46 C516| 267 A 45 215 INE WELD 
B49 219 | 49 C 464 175 B 22s 167 O 34| 229 
rh 50 248 2 C516} 267 A 45 215 A27| 240 
E58 156 | 42 D731 193 C504 Sq oM TH Seed ethers 
ce 212.86 | 49.24  ........ CSCO) bee C2008) eae 237.25 
Osc: 216.72 
@ Average of yard. @ Unidentified eggs added. 
* Pen of high producing birds laying from 101 to 276. 
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TABLE XIX. ANNUAL AND BEST TWO-MONTHS PRODUCTION 
Yard P, 1916-17, White Leghorns. 


i | 

Production Hees Hees me EBses ; 
Hen ist | Best 2 | Dam | 1st yr. D.D. 1st yr. 19) || wise he 
No year | months | 

‘ 3 342) 220 
: Fon nae E253 3 A 27 | 240 | 19348 
G 62 Db 48 Te 595 73(D) | D718 254 A au 240 
CCD || iss Nal H253| 233 I Da £40 D £43 22 
Gu623), 62397 BO F592] 211(D) | D718 24 EN aon 
G624| 183 48 TD 257 2 C504 248 D 843 240 
C@G2G| Wei |) 26 W257} 212 | C504 243 D 341 220 
G627| 146 51 ‘T' 594 | 176 D718 254 A 27| 240 
G628| 191 49 594) 176 |D 718 cb4 A 27 | 240 
Geso| 202 46 52520233 iN Dy 240 D $43 | ae 
CGS || RB 50 F€22| 248 Yd. 0 r A 21) 240 
C622 || 222 2 254] 205 C515 241 24 220 
G633| 167 | 48 F643} 208(D) | D 240 245 A 27 | B40 
G634| 158 50 Yd. 15 eVEs | eee Sem eee 9 a8 ae 
Ges5| 197 55 F'631| 197 Neel Ol) meee | 27| 240 
G 637] 160 41 Wde15 * Vee gli ees | C ee 
G 638] 208 40 Yd. 15 EE | hee ow eee | 34229 
G39) 225 47 Yd. 15 * Py bee e 34) 220 
EAM |) Bil 48 Yd. K ED Glee | 42 240 
Gé41} 209 49 Gl, Il | ee ees ol eee pel ge 
G642| 176 41 Yd. 15 SD) a Ae aie ale eee Pee 
G843| 220 54 Ya. K hee ea ties, || Meank, eee 240 
G644| 248 53 Vid: 164A Pek ee eens eres Cele 241 
G646| 172 48 Yd. K HT) NS | ee A 27) _ 24( 
CGAS |) 128 41 Ya. K ie 8 || eee ee A 27) 240 
G652) 184 44 B255| 276 (C516 287 1D) BE | BAW 
G658| 165 44 ¥a:1 ; Peal eee A 27 240 
G659| 197 52 Yd. 1 He Gy Peer | eee A 27/ 240 
G661| 197 47 aca + A 27) 240 
G662| 184 48 Yd. K ca — A 27| 240 
G663) 197 46 H7ON | 161 240 H248| 302 
G664| 185 50 | H7ON| 161 240 248] 302 
G66c6| 132 42 Hi255| 276 C516 267 D 343 20 
G667| 234 7 H260| 249 IN Di 240 D 343| 220 
G668| 264 51 A 27| 240 Sy mes E248) 302 
G671| 139 49 HI5P) 147 ROR 240 BH 248| 302 
GBs) w2y 52 DT718| 254 C515 £41 A 27| 240 
Gé73| 163 49 1220! 199 D 71 2h4 EY 249502 
G674| 244 51 AUNT ae 40 cee oe B45] 309 
GO75| 156 49 C 590 193 Dt 240 | H248/ 302 
G676| 212 52 C590} 193 K By 40 | £248 30> 
G677) 148 47 C590| 193 WAL ir 24G  |«B 248} 302 
G 678 129 40 C 590 193 SACRA Z4G | 248 $92 
G67 | 215 54 H9P| 162 A 2 £40 | 24s] 302 
G6éso| 143 40 C590) 198 I Oy 240 | E248] 302 
Gusen || aBy | Awe H83N | 139 I BY 240 EB 248| 202 
G682| 215 | 50 248! 302 C516 267 D343| 220 
G6s3| 211 51 E248, 302 C516 267 D438] 226 
G6S4| 127 47 H248] 302 C516 267 D343| 220 
Giese| 178 4) 50 H83N | 139 IN Di 24C 248] 302 
| 

One 187.55 | QIN, oe OOM MN neon BOO ac 251.71 
©) 22 188.96 


@ Average of yard. @ Unidentified eggs added. 
* Pen of high producing birds laying from 173 to 267. 
** Pen of high producing birds laying from 106 to 271. 
7 Pen of high producing birds laying from 167 to 270. 


~ Pen of high producing birds which were at Panama-Pacific Exposition Contest 


during pullet year and laid from 120 to 204 eggs. Most of these birds laid 
more in the second year, the highest being 242. 


Daf 


TABLE XX. ANNUAL AND BEST TWO-MONTHS PRODUCTION 
Yard Q, 1916-17, White Leghorns. 


Froduction | 
Higgs Eggs | | Iges 

Hen 1st Best 2 Dam |} ist yr. 1) 1D? ist *yr. S.D: |} 1st yr. 

No year months : 
G 720 169 42 day! alae, |C 589 rails A 27 240 
Gez21,| 192 49 625 | 228 | Yad.0 = Abe 2a 2280 
G 722 204 4g E250 213 C 504 243 D 343 220 
CG 724 189 47 VY’ 665 2.05 C 589 21) A 27 240 
G 725 Psat 43 ENG 55) | 231 D 268 146 A 27) 240 
G 326 204 15 F649} 159 | ©5910 193 A 27 246 
G 727 141 39 EH 230] 199 D718 254 Io 248 302 
G 730 188 46 Yd 12 Lew gy ed cae ew mt eee INS PAK 240 
Garay) 204 42 1° 750 | 17 1@z59'0 1938 D 718 254 
Guas2y 237 +9 Yal hie aie) © eee AS 27 240 
G@ 735 201 47 Yal bey || eee Ue ee Mee A 27 240 
G736/ 207 49 Yat EO 2 ieee | Ie en AD 27 240 
G 78 212 Dai Yd K | cho Nheoceee A 27 240 
G 739 481 42 Yat FA IN 6 Ra pens Sh ee ae pe mae ar 240 
G 741! 714 45 BION | 161 A 27 24 E 248 S02 
G 742 | 130 48 EE ONaeaGa Ao 2 240 BE 248 | 302 
G43; 114 36 £075.96 7) SMa |e oe ee |e ee Om ssa eee9 
G744| 206 50 F719 | 243 | & 257 212 C589} 170+ 
G 745 1638 i& TOG | AKO GRE ST ee | | O 34 229 
G 746 144 55 BH 230} 199 |) 718 254 E 248 302 
G 747 159 46 #230) 199 D 718 £54 E248) 302 
G 748 Lis 48 Hy 214+) 135 O 34 229 E 248 32 
G@r4g 196 47 Fi 255) 276 C56 467 D 643 221 

t T56 130 41 E269] 254 Yd.F Leg er 23 E248| 302 
G 761 121 35 Bie PE le Sr ia a Wg oe ois | 248 302 
1+ 752 156 34 Bice 259 B 12 ray | | TR Re 240 
G53) 166 51 Hie eat 248 ASIC 240 | A 27 240 
G 154 103 46 HseN] 139 A 27 24( E248/ 302 
Gazb5 126 42 EilbP | 147 BS 2. 24C E248| 304 
G 756 130 46 H&eN | 139 A 27 £40 E 248 302 
Gao WATE oN TS ies s 47, INS PE Z24¢ E248! 302 
G 758 190 590 B55) £76 | © 516 207 Deets eae e 
G 760 143 45 LTE CoS) OE ee ee ae IN, PAT 240 
G%7161 174 47 BY b bal 26 € 516 67 D243 220 
G 762 111 33 Vis lilisyl ed | aly A 27 240 E248} 30: 
G 763 177 49 Hoe 162 A 27 246 | #248 302 
G 764 | 196 53 BH 13 258 Bei rag! | Ay ah 240 
G 765 241 47 i247) 271 C56 267 D 243 220 
G 767 256 bal B24] | 271 | C 516 £67 D 343 220 
G 768 187 46 EB 260 249 |A 27 240 D 348 | 220 
G 769 103 3 F280) 199 | D 718 254 E248} 302 
G 770 202 58 E 260) 24% LX PY 246 D 343| 220 
GT 67 2 HS83 139 IN 7 240 E248/ 302 
G 772 | Daun, | 49 pis 254 (GBIHS) 241 A 27 240 
G 773 185 45 E248] 302 COuaTUG £67 | D243] 230 
G 774 186 40 1248] 302 C5156 267% D243) 226 
G 715 140 45 ASOT ca OMe Wee ee et Ee B248 | 30% 
G 776 219 48 BE e247) 271 C 516 267 D 343 226 
G77 188 41 BH 247 | 241 CHG 267 D 243 | 220) 
G 778 iygal 44 KH 260} 249 A 27 240 D343) 22 
Gi79 63 34 H8é 139 A 27 £40 H248| 302 
G 781 228 52 A 2 eG: CI eso ene) eae BE 248 | 302 
+ 782 167 44 HibP| 147 A 2 240 E 248 302 
G 783 121 39 Hise | 147 iN EU 240 H248!} 302 
G 784 217 46 isisieoing || ales) |}A 27 240 H248/ 30 
G 785 219 a2 i248 302 C516 267 D 543 220 
G 786 95 PA ESN | dle A 27 240 | Hi 248 302 
(eee 169.84 44.77 Secret ae Bll iGy | eee 241.56 | = | 258.74 
@pee 172.65 


@ Average of yard. @ Unidentified eggs added. 
* Pen of high producing birds laying from 130 to 263 eggs. 
** Pen of high producing birds laying from 167 to 270 eggs. 
+ Pen of high producing birds laying from 106 to 271 eggs. 


TABLE XXI. 
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Yard 15, 1916-17, White Leghorns. 


ANNUAL AND BEST TWO-MONTHS PRODUCTION 


Production 
= Eggs Eggs Eggs 

Hen 1st Best 2 Dam | Ist yr. i. D; Ist yr S.D. “ist ve: 

No. year months 

Gé01 245 58 255 276 C515 267 D 543 220 
G 502 215 52 E 247 271 C516 267 D 843 220 
G 603 234 | 55 E 248 3802 C516 267 D 343 229 
G 506 210 55 & 255 276 Cs506 267 D °43 220 
Gaar 184 47 E 258 234 O 34 229 D 3438 220 
G 508 228 48 BQ 259 Br £51 A 27 240 
G 509 196 | R2 EF 701 172 Ciba 214 eA 240 
G 510 160 | 42 F701 172 C551 214 A 27 240 
G &12 238 i 52 E 3 248 AN 27 240 VAG eee, 240 
Gols 234 51 ipiliye) 147 | aks Be 240 E 248 302 
G 514 221 56 Isle 147 A 27 240 E 248 302 
Mis 215.00 GOES SSA CAPA a BM eames QA 5 09'5 | epee 242.18 
O} 2% 225.27 


@ Average of yard. @ Unidentified eggs added. 


TABLE XXII. 
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ANNUAL AND BEST TWO-MONTHS PRODUCTION 
Yard HY, 1917-18, White Leghorns. 


Production | | | 
- Eggs EKees _ Eegs 

Hen Ist Bostion |) Daun vise veD.D.) ete. WS Dal lator 

No. year months 3 | pe 
H 502 234 48 1) 343 220 Bie. DoS B 248 302 
H 503 208 52 PY Caeser ae wert) ee oe am aa B 248 302 
H1504] 2389 45 WAGE 5a Pree e? Oy |b eee ig ets 248) 302 
FH 505 | 195 44 OXECU sean ERY In peecene EH 248 302 
FL507|} 230 49 CL EHEC gece |) ere i as oe B 248 302 
H 508 240 51 Weols ASS |) H248! 392 
EL 509 167 36 a'Gilk Get eS) 6 ||P eae a ee oe BH243] 398 
H 510 230 51 PG Ass Te, ON ane es ol | W248 812 
H 511 265 54 R'E eel Beall Ree BOP Meee ene am A B 248 302 
H 512 243 50 F 607 20S eee Rete ees E 248 302 
If 513 248 49 D 343 220 923 W248) | ese 
HL 514 167 38 acl eae BOE Bg res i) Rots a H24y}| 392 
isy vill 272 57 SMGRM ete og tl emt 4 Tig Gees BH 248| 302 
FE 516 183 2 YR Peete Aloe shia | © 248 302 
H 517 238 49 REOE gel ae ee Pes ed eee E 248 3u2 
Hf 518 201 49 DdoeeH et ae Te Tal) Meee een eee el B 248 302 
H519 238 50 Ya. R Sake Mg (1b incon ees a me eS 8 E 248 302 
Fib21 256 51 Vise CR i ee | 248 302 
HeE22 271 50 poem sey RN eT |b eee B 248 302 
H 523 241 50 RCS ALG) Ree te whem eters BE 248 302 
H 524 254 52 SKU Bega) weer pate Me EB 248 302 
H 525 168 48 CSR ee eek Beery) ee | BH 248 302 
H{ 526 217 50 BYES RS |" ee amet |e ee | #248 302 
H 527 213 49 Nd ead goal eee MT WIP ates E 248 302 
FL E28 244 7 BY: CLEC Ae een | ae Ff fe E 248 302 
H 629 217 50 CUPRA he eee, MN! Dee ils aie E 248 308 
H. 530 235 50 BY CU me ER a] Mecen se oy wR ean ekeae 9 |g, oie = BE 248 302 
T581 319 S37 i 259 Bae zal E 248 302 
H £52 240 51 PY Cem te SU Pe ene IC ee ee 1 248 302 
H 533 298 57 Ie VeCU Eee eet eg ee eee = B 248 302 
H 534 145 44 1D) il 259 B 12 £51 E 248 202 
H 535 218 51 AVNER | mene «| omen, | |. ee EB 248 502 
H 536 256 49 ida | werea eee ee I) rere E 248 392 
Hi £37 ieee 44 AY Cie ERI seek Gir E 248 302 
H 588 200 43 F'906 170 C516 267 E 248 302 
EL 639 208 47 ies ee ee WN pee etn BE 248 392 
HL540/ 251 59 Vy Rewer ay gate. 3) ate. E248| 302 
M641 163 ff WACK GR || gages Mf cates Sel ats B 248 | $92 
H 542 149 40 Soar S|); eee ae MIN een i inn eee ne B248; 302 
H 543 247 53 Die egies Po Reena weal | om) Se Heenan A E 248 302 
H 544 279 51 KE 9 259 251 E 248 302 
H 545 300 59 Vi ee gs Re eee kee, E248} 302 
H 548 239 50 NCE lie ooh See rom a |imamctecee ate ie | ba byee E 248 202 
FL 549 204 42 DiCoks Tall eae ae Dalles bleed be B 248 302 
H 550 178 42 ae ae liebe ee ais B 248 302 
H 651 252 51 FH 21 259 | B 12 251 E 248 302 
H 552 190 44 vets Teel) eee ae ae La B248!} 302 
H 553 227 50 E609) 235 | ON 240 E 248 202 
H 655 154 49 Vole le eee Was Sena 0 Ale B 248 302 
H 556 23 9 Vice Rh ee we) Meeeteee Ge BE 248 302 
FL 857 265 50 D 343 220 Bae 225 EB 248 302 
H 558 234 47 EB 21 259 peer? £61 BH 248} 302 
H 559 260 48 D 543 220 I) eke 9 es} BE 248 302 
H 560 246 49 I) 543 226 IBY oe Dey) TBA) BY? 
H 561 191 43 D £43 220 Be 2 SiS E 248 302 
H 562 237 49 a), Pal 259 183, UP 251 |) SOPAYS || BOY 
H 563 187 47 H 9 259 Brie £51 E 248 302 
H 664 243 49 Hy 2 259 (B31 £61 E 248 302 
HL 565 175 46 D 343) 220 R 2 223 B £48 302 
El 566 224 48 KE 3| 248 IN, Oe 240 B 248 302 
One BAe ATES. Wee eee ORV || Seen DREAMY | nents 202.09 
One, 222.22 


@ Average of yard. @ Unidentified 


eggs added. 


TABLE XXIII. 
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Yard G, 1917-18, White Leghorns. 


ANNUAL AND BEST TWO-MONTHS PRODUCTION 


Production 
st Eges Eges Eggs 

Hen Ist) |) Best. 2 Dam | ist yr. D.D Ist yr S:D. | Isttyx. 

No. year | months 

H 601 249 53 A- 27 2405 | eee) ee H248 802 
H 605 184 45 YOR Pai yee Pl eee ae a A 27 240 
H 607 173 | 53 YQ.2E wy See | eee eee A 27 240 
H 610 2272 46 Zee! eek ANY Se ek ee | eee 
ISL Ge, Falal BS G 501 245 276 C590 193 
H 613 226 52 YAS — ees = hoe ee eee A 27 240 
H614|} 173 41 MAD jesse 0 I Mette C590 ELS 
H 616 236 47 WEE Gi Secs Ae ee eee A 27} 240 
H 619 211 49 Dok: «lel cpa eR ama ean AE eon A 27 240 
H 620 223 55 CSE 5 AE) |! eee | aes B 14 205 
H 621 219 | 56 SY CRO | yestes Ch emcee || A 27 246 
H 622 ral) 37 Wel Vili) @ aoe OM) Co Sal eee BH230 199 
H 623 221 | 51 POU EP Nh aes 5 se Ow arate sell!) eee A .27 240 
Ef 624 | 184 47 EG COMA mec ose P| WR Reece AZT 240 
H 626} 210 53 Niet cts. @ ||| pepe eee | aaa IR P| DOL 
Ef 627 252 52 NECROSS Coe eh) Sseeneew ll Weceste A 27 240 
TH 628 218 49 SiGe Ud ee |i se Ane sere nee C189 135 
H 629 254 54 DORON Meese IT ce atee Eyl Rd A 27 240 
H 631 157 | 39 SViGGEG) lus elt Sith RE ase tee) | Pal enene A 27 240 
H 632 204 | BD ile eR ee 5 ee eh re ree | ee 
HI 633 216 | 50 GaGs7. 215 E 248 802 POPU 249 
El 6385 154 53 Vidi AVG | | ei Ee eee E230 199 
H 636 272 54 YarQ:) 223. |) GRO aar | eee A 27 240 
E637 215 52 G 530 226 Hi 9P 162 D718 | 254 
U 639 197 49 Vide |S meee i gee eee pe. A 27 240 
H 640 247 50 oye ete. 0) Gee eee APZS 240 
H 641 200 50 Yas soca | See ke | eee Av27 240 
FL 642 155 | 54 PCO NGalie yeah 35 1s p> lee eee A 27 24U 
£66438 204 | 50. Wilea Vilna meee” pln ay 0) | ema E230 199 
FL 644 168 46 E £49 209 A 27 240 A 27 240 
H 645 211 41 SV.Gee Vedic ase 0! \., Pee) I eee E230 199 
FL 646 195 54 SiGLONS QI) Oe See Ay hi eres: Cbat 214 
H 648 217 | 50 ‘) 248 302 CaLs 267 A 27 240 
TL 649 112 43 Bee DAO ari). Week tee sal eee E248 302 
H 650 182 52 Ae E27. Poe De Nhe ae E248 302 
H 651 PSH 44 248) 302 C515 267 A 27 240 
H 652 195 46 I 609 235 AL 2 240 H248 302 
H 653 267 53 B26 ial Mit ane NN jones Os pl Ta otis C139 135 
H 654 204 44 SY LSU | Oe oe ea | ie || ee Se C189 135 
H 655 250 50 SYST ans ec {Lee eee ee C189 135 
H 656 199 43 SG Ge | ee eee em | eee C189 135 
FL 657 224 47 Ty GAT eee en | Beene Baa C189 135 
EL 658 210 44 18, eal 259 i332 251 E248 302 
H 660 212 48 AY 21 259 B 12 251 E248 302 
FL 662 298 59 +528 272 E 247 271 D718 254 
EL 663 | 161 51 Ty 343 220 iy 223 E248 302 
H 664 181 | 44 EUS OG: || @ 209" see eee | eee 248 302 
EH 665 239 | 49) D 343 220 1B 228 248 302 
H666) 172 46 G 529 231 BE 260 249 D718 254 
TL 667 | 252 53 G 529 231 B 260 249 D718 254 
if 668 | 169 45 E 317 243 Jae PH 240 E248 302 
H. 669 5G 51 G 529 231 E 260 249 D718 254 
H 672 i iso 42 G 743 114 F596 209 A 27 240 
H 673 183 48 Ted) Boa 243 A 27 240 E248 302 
EI 674 186 46 F 607 20S |e ae E248 302 
EL 675 56 33 G 503 234 B 248 802 C590 193 
@) cee US) GS CR tee 234500) pene PROBS ESSA Waa 236.81 
O) oree 201.85 | 


@ Average of yard. 


® Unidentified eggs added. 


3] 
CROSSING AND INHERITANCE 


Foundation Stock. In 1908-09 reciprocal crosses were made with 
White Leghorns and Barred Plymouth Rocks, the same sires being used as 
were used in producing the White Leghorn pullets of yard 9, and the 
Barred Rocks of yard 6, of the second year. That is to say, in the 
original yards 4 and 5 there were both Leghorn pullets and Barred 
Rock pullets, but in one yard there were Leghorn males, and in the 
other Barred Rock males. Any difference, therefore, in production of 
the pullets from these matings whether Leghorns or Barred Rocks or 
crosses, can not be due to differences in males. 


Second Generation. In the second generation or crosses there were 
two yards of pullets. Yard 7 (Table XXIV) averaged 131.06 and yard 
8 (Table XXV) 140.36 eggs. The individual records ranged in yard 
7 from 205 to 14 and in yard 8 from 211 to 18. The average of the two 
yards was 185.49 eggs. The pure-bred Leghorn dams averaged 106.88 


Fig. 6. Representatives of Yard E, Oregons, 1913-14. Table XXVIII. 


and their pure-bred Barred Rock dams 86.14, while their half-sister 
pure-bred Leghorns averaged 104.67 (see Table XIV), and Barred 
Rocks 120.68 (see Table II). It will be understood, of course, that the 
dams of the cross-breds were not the same individuals as the dams of 
the pure-breds, and it may have happened that the production capacity 
was not the same in each case. The fact, however, remains that the 
cross-bred pullets of the first generation were half sisters of the pure- 
bred Leghorn and Barred Rock pullets, being bred from the same males, 
and they were from the same stock on the dam’s side, but from different 
hens. The experiment had to do, however, with inheritance in egg lay- 
ing, and not with relative merits of pure-breds and crosses. 


Third Generation. The first generation of cross-bred pullets were 
mated back to White Leghorn males, but of unknown production pedi- 
gree. The progeny is shown in yard 1 (Table XXVI), thirty-seven 
pullets with average of 147.16 eggs. 


Fourth Generation. In the first generation of pedigreed cross-breds 
(Table XXVII) referred to hereafter as Oregons, twenty pullets in 
yard 9 averaged 220.8 eggs, ranging in production from 303 to 123. 
These were sired by a Leghorn male, whose dam laid 229 eggs, except 
in three cases where an Oregon male was used on his dam. There were 
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three pullets from this inbred mating, namely C543, C525, C5402 It 
these had been eliminated in the tabulation the record of the yard 
would have been one-half dozen more eggs a hen. Probably they should 
have been eliminated as in all of our experiments we sought to avoid 
inbreeding. The average of the dams in yard 9, was 207.45 eggs and 
of the sires’ dams 224.42. 


Fifth Generation. In the second generation of pedigreed Oregons, 
the records of 49 pullets are given in Table XXVIII, yard E. This yard 
was produced by mating daughters of cross-bred hen 250, with record 
of 402 eggs in two years, with a Barred Rock male, whose dam A111 
produced 204 eggs in her-pullet year. These 49 pullets averaged 220.78 
eggs, this average exceeding the record of the dam as well as the sire’s 
dam. The record of dams’ dam was 200 the first year and 202 the sec- 
ond year. The high second-year record might indicate that she did not 
lay her full capacity in the first year. The highest record of yard E 
was 278 and the lowest 58. The dams of 31 of the pullets averaged 
186.45 the first year. In the case of eighteen pullets, the dams are not 


Fig. 7. Pen 4 of Oregons, 1914-15; record 250.2 eggs. All daughters of C521, the 
first 300-egg hen. See Table XXIX. 


known, but they were in yard C, as wel] as the thirteen, with pen 
pedigrees. Yard C pullets were late hatched, averaging 173.66 the first 
year, but in the second year averaged 199.09. 


Sixth Generation. Yard 4, 1914-15 (Table XXIX) gives the pro- 
duction of ten Oregons that are full sisters; the dam was C521, our 
first 800-egg hen. The average of the ten pullets was 250.2 eggs, the 
highest being 283 and the lowest 204, all exceeding 200 eggs. The pedi- 
gree showed dam’s average 303, dam’s dam 201, sires’ dam 228. 

Another yard of full sisters to pullets in yard 4 is not given in the 
tabulation on account of the pullets being late or June hatched. The 
record of the 13 pullets in yard 11, however, was 181.62 eggs, average, 
with highest 234 and lowest 99. 1 

In Table XXX, the same year, ten pullets in yard 5 averaged 201.70. 
These pullets were full sisters, with dam’s record of 291 eggs, dam’s 
dam 200 eggs, sire’s dam 246. In this case there was inbreeding, the 
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dam and sire being from the same dam,-but from different sires. The 
highest record in this yard was 241 eggs and the lowest 152. 

In yard 6 (Table XXXI), the same year, were 14 pullets showing a 
production of 217.27 eggs, the dams averaging 211.43, dams’ dams 233.5, 
sires’ dams 286.51. 

Yard J (Table XXXII) in the same year, 58 Oregons, laid an average 
of 219.22 eggs, with high record of 309 and low record at 77. In this 


Fig. 8. Oregon hens C543 and number of eggs she laid in first year, 291. 


case the highest hen should probably be eliminated because she was 
bred from a low line. Through an oversight the hen was included in 
the tabulation. Her record and breeding are discussed in another place. 
If her record were omitted, however, it would make a difference in the 
average in the yard of less than 114 eggs a hen. 

The average of the dams of yard J was 215.24, dams’ dams 217.4, 
sires’ dams 214.31. Yard E appearing in the dam’s column averaged 
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in the preceding year 220.78, so that the dams of all yard-J pullets 
averaged over 200 eggs. 

Seventh Generation. Only one yard in 1915-16 (shown in Table 
XXXIII) is available for comparison. The average of the 13 pullets in 
this yard was 237.77 eggs. The dams are not known in each case, but: 
the sire’s dam was C521, record 303; the average of yard M, which was 
made up of the best hens from yard E (see Table XXVIII) 1913-14 
pullets, was 230.42 eggs. The dams’ dams’ average was also high, and 
sires’ dams’ average was 297.46. 

To try out the pullets of this breeding under different conditions, a 
pen of ten was sent to the International Egg-laying Contest at the 
Storrs Agricultural College, Connecticut; the pen made a record of 
212.2 eggs a hen. Another pen of five pullets of the same breeding was 
sent to the Missouri laying contest and they made a record of 232 eggs 
a hen. Yard 10 and the two contest pens were all of the same hatch, 
and of the same pedigree. After yard 10 and the two contest pens were 
selected, there remained of the flock of pullets 25 which were thought to 
be the poorest of the flock, judging from external points. It was decided 
to put these under test under decidedly different conditions; namely, 
on the writer’s backyard lot, where they were kept for the full year 


Fig. 9 A pen of ten Oregons, winners in International Egg-laying Contest at the 
Connecticut Agricultural College, 1917-18, record 235.2 eggs a hen. All from pedigreed 
high producers. This is the highest pen record made there in seven annual contests, 
representing 700 different pens. 
in a house 10 by 14 feet in size, and never out of doors. These were 
cared for by a school boy of 13 years of age, but they got good care. 
They averaged 216 eggs in the year. The records of these four differ- 
ent. pens would indicate that the breeding was responsible for their 
high production; also that a hen of good laying capacity will respond 
well to a wide variation in conditions, whether it be feeding, housing, 
or climate. 


Eighth Generation. In 1917-18, pen 7 (Table XXXIV) containing 
twelve Oregon pullets averaged 246.91 eggs, with dams’ average of 
250.92, dams’ dams 261.14, sires’ dams 287.75. In the same year a pen 
of ten pullets of practically the same breeding won the egg-laying 
contest at the Storrs College, with a record of 235.2 eggs, the highest 
record made at that contest in seven years with ten hens, 100 pens 
each year. 


35 


Sixty-three pullets in yard H, 1917-18 (Table XXXV) averaged 
228.57, dams’ average 237.79. Dams’ dams 269.44, sires’ dams 269.62. 
Highest record 304, lowest 123. 


Effect of Close Confinement. In the year 1914-15 another pen of 
pullets was used which were kept under continuous confinement through- 
out the year, and for that reason are not included in the tabulation on 
inheritance. The environmental conditions were entirely different. The 
purpose was to observe the behavior of the strain under close con- 
finement. 


There were 25 pullets in this pen, and they were kept in the same 
style of house as all the other pens in our breeding experiments; namely, 
an open-front colony house 8 by 12 feet in dimensions. They were fed 
the same and were of the same breeding as yard J. They were never 
outside of the house during the year. One of the pullets died during 
the year after laying 153 eggs. The remaining twenty-four averaged 
228.58. The range was from 299 eggs to 147. All but four of the pullets 
laid over 200 eggs. They exceeded the production of yard J by about 
ten eggs a hen. In this pen as in yard J the highest hen was sired by 
low-line male D461-2. The mortality in J was 6, or 1 in 11.5, while 
in “shut-in” house, it was 1 in 25. 


Under radically different environment this pen shows a consider- 
able increase in production over pen J, indicating (1) that the hen is 
not particularly sensitive to conditions of housing, providing other fac- 
tors are favorable, including abundant fresh air and exercise; (2) that 
the conditions under which our experimental flocks were kept, were not 
unduly favorable, nor responsible for the increased flock production; 
(3) that a hen of good laying capacity will lay well under various con- 
ditions of housing and yarding. 


TABLE XXIV. ANNUAL AND BEST TWO-MONTHS PRODUCTION 
Yard 7, 1909-10, Oregons. 


Production Production | Production 

Ten | Ist Best 2 Hen 1st Best 2 Hen | 1st Best 2 

No. year | months No. | vear months No. yvear months 
231 129 34 243 159 35 255 | 93 29 
232; 120 32 244 142 82 256 ilies 37 
233 104 26 245 148 3 250 126 | 34 
234 | 104 32 247) 168 35 258 14 5 
239 148 36 248 129 32 259 136 32 
236 116 31 249 144 38 260 205 45 
238 85 29 250 200 40 261 118 | 2 
239 143 | 34 251 168 39 262 113 27 
240 | 102 27 252 152 23 263 195 | 41 
241 127 34 253 91 20 264 119 33. 
242 13 29 254 | 108 24 266 1381 i) 

INES ENS SIEIIGG bls eS DI ON Sheer | 129.94 32.09 

+ 2. ae a | 


Widentifeds ce es added) Fk ccere seeee we tence ss See ceee recone cee anne seer ene oeaces | 131.06 ee 
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TABLE XXV. ANNUAL AND BEST TWO-MONTHS PRODUCTION 
Yard 8, 1909-10, Oregons. 


Production Production Production 
Hen 1st Best 2 Hen ist Best 2 Hen 1st Best 2 
No. year months No year months No. year months 
267 139 31 278 28 26 292 LBS 3 
Z6R 174 46 281 130 29 293 1469 45 
269 101 33 282 117 25 164 120 32 
270 18 14 284 113 28 29 183 40 
271 191 37 286 197 40 296 95 29 
22 ere 39 287 156 40 2°97 122 3% 
273 176 40 E28 167 38 29& 179 | 34 
274 152 31 289 132 34 299 ZV 43 
275 128 26 220 186 49 360 161 | 30 
276 126 33 291 98 26 302 119 34 
PAV CTAUD On OL YLT CMs eon nee ae ae ase 137.96 | 33.80 
Unidentified eges added o:00.- cede se 140.36 | 


TABLE XXVI. 


Yard 1, 1910-11, Oregons. 


ANNUAL AND BEST TWO-MONTHS PRODUCTION 


| 


Production Production Production 

Hen Ist Best 2 Hen Ist Best 2 Hen Ist Best 2 
No. year months No year months Vo. year months 
A 25 134 33 A 43 176 38 A 64 157 35 
A 26 68 22 INSEL 38 14 A 65 154 | 38 
A 28 168 39 A 46) 102 | 31 A 66| 201 47 
A 29 161 35 WN AG 205 44 A 68] 139 | 36 
A 3 168 42 A 48 138 46 A 70/195 | 41 
A 82 139 30 A 49 | (a 7 IN (sal 161 39 
A 33 110 30 A 53} 81 28 A 72 108 26 
A 34 152 35 A 58 165 38 JX ties’ 137 42 
A 35 168 43 A 59 86 23 A 74/ 166 36 
A 3 187 48 A 60 Ie 45 A185{ 176 39 
A 37 160 35 A 6 257 49 $21} 1638 46 
KISS LSA 42 A 62 170 42 | 
S| aa 35 A 63! «159 36 
Mverace qty ard jit.) fun wisn iciean aoeeee eee eee [147.16 | 


36.43 


TABLE XXVII. 


ANNUAL AND BEST TWO-MONTHS PRODUCTION 
Yard 9, 1912-13, Oregons. 


Production | 
lnggs Eggs | Eggs 

Hen 1st | Best 2 Dam ist) yr: 1D MB St yr. || “See | stiyar 

No. year | months 

C503] 207 50 A.47 2.05 mae hig eee ae | eens O 34 229 
C598 268 | 56 A 66 PADD alti | eters al ee SS. O 34 229 
Croll 251 | 58 A 60 ae De ee ees O 34 229 
Cpl 217 49 A 60 ile He eaters Sle eee O 34 229 
Gas 226 50 A 47 PAU Pe Waa, @ Als gh ss ece O 34 229 
C519 272 52 A 47 PALE mp WA) coumarin AG Ss. O 34 229 
C521 303 57 A 66 PAUS I Pdi) cases to | Rites O 34 229 
C523 204 46 A. 66 PAUSES i eee Te Bee O 34 229 
C525 146 36 250 ZOO! = git Weaker UIs tuts 250 200 
C 528 214 Dal A 66 ZOOL P|) ee Seer ee oe O 34 229 
C530 184 48 A 60 LTE © i OP eee) ea a oe O 34 229 
C34 204 48 A 61 25a Lowers Sule ees O 34 229 
©5385 200 41 A G1 AGS Taye” IO Sa Rea elle O 34 229 
Croso Lom 48 A 61 2/55 (eee cet ee eee O 34 229 
C540 123 26 250 PAU ire Ale teeeS Paly Pas ee 250 200 
C 54) 193 41 A 61 2: le) lee ds | | Ors4) 229) 
C 542 218 47 A 61 CAMEL. FR mere Wi! lead & O 34 229 
C 543 291 60 250 7.0 0a eee 250 200 
C 545 227 50 313 SOR gi) Seto 2 7 MT Regs ere ae | ge re 
C547 250 L 54 A 66 PADRES jl epee 2 |b Coe O 34 229 
@) soe Oy ew PUK cil ee ee | [Pee 224.42 
Ol 220.80 


@ Average of yard. 


@® Unidentified eggs added. 
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TABLE XXVIII. ANNUAL AND BEST TWO-MONTHS PRODUCTION 
Yard H, 1913-14, Oregons. 


Production | 
= Eggs Eggs Eges 

Hen 1st Best 2 Dam | 1st yr. D.D Ist yr. S.D let oe 
No. year months 
D 624 242 50 B170| 226 | 250 200 Aill1| 204 
D 625 274 52 WoC % 250 200 A lll 204 
D 626 205 | 43 B. 222 188 250 200 INT 204 
D 627 246 52 idee * | 250 200 A111} 204 
D 628 220 52 wal. © * | 250 260 Aili] 204 
D 629 190 52 B222| 188 250 200 IN Tai 204 
D 630 231 52 L170 226 250 200 AS iat 204 
D 631 212 49 B170 226 250 260 A111 204 
LD 632 228 55 WL GC * 250 =00 All1| 204 
T: 633 202 48 WEL * e250 200 eA, 204 
D 634 227 55 Wane * 250 260 All1| 204 
D 635 20a 53 B 213 198 +| 250 260 | A 111 204 
D 636 178 54 R 222 188 250 200 IX Tatil 204 
D 637 245 56 H 27M. 133 | 250 200 IX tala 204 
D 659 185 40 H 53N 168 250 200 Alli| 204 
D 640 206 49 B 213 198 250 | 200 )A 111 204 
D 641 212 40 die * 250 200 | 2X aaa 204 
D $43 92 55 ERI16N| 184 250 200 A lll 204 
D 644 232 49 Bb 223 146 250 206 | A 111 204 
D 645 201 49 Vane * 250 200 Gebel 204 
D647 278 51 Yd. c * | 250 200 A111 204 
D 648 195 56 B170 226 | 250 £00 A111 244 
D 649 232 49 B177 193 250 200 A ill 204 
D 650 157 42 H 27M 133 | 250 200 PRT 204 
1D 652 221 59 Yd.c * 250 200 | A 111 204 
D 653 220 51 Ydue * 250 200 Aili} 204 
D 656 176 45 MARC * 250 200 All1 204 
D 657 272 57 1B170 226 250 200 Tia 04 
D 658 249 55 Yd. Cc * 250 200 All11| 204 
D 660 216 51 B 223 146 250 | 200 IN Ta 204 
D 662 171 * 58 ica’ * | 250 200 |A111/ 204 
D 663 270 57 B 213 198 250 £00 INGE) EXE! 
D 664 254 51 B 223 146 250 200 All1| 204 
D 665 220 46 B 213 198 250 | £00 Ail 294 
D 667 216 55 Te ie |) TIS 250 200 Alli} 204 
D €70 263 52 Aso! * 250 206 [A111] 204 
D 671 210 47 B 213 198 250 260 Nata 204 
D 672 242 54 H 16N 184 | 250 £00 EN Ball || Bed 
D 673 58 38 Side * 250 400 All1| 264 
D 674 216 54 B4| 217 250 200 PRGA) XE 
D 675 248 54 H16N 184 250 200 A111} 204 
D 676 257 55 B4 217 250 £10 Alli} 2¢4 
D 678 190 53 B4 217 250 £00 Alli] 204 
D 679 193 49 H 27M 133 250 200 asta 204 
D680| 185 50 Yd.c|. * 250 200 A 111 204 
D 681 263 57 HIGN) 184 250 £00 Aa || BO 
D 682 178 44 Vaueil * 250 260 | A tite | 204 
D 683 269 Ci 55 B4 217 250) 200 AAA 204 

232 210 | 51 B223| 146 250 200 All1} 204 
Ones 216.44 | 5ils04 ge eee isede | az. 200.00 | sas | 204.00 
@ 2s 220.78 


@ Average of yard. ® Unidentified eggs added. 

*Pen composed of daughters of hen 250. The pen average was 173.66 in first 
year, and 199.09 in second year. During the first year the lowest record was 
116 and the highest 226. During the second year the lowest was 164 and the 
highest 224. 
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TABLE XXIX. ANNUAL AND BEST TWO-MONTHS PRODUCTION 
Yard 4, 1914-15, Oregons. 


Production | ae abe seek 

Hen 1st Best 2° Dam 1st yr 1D)1D) ist yr S Di ist we; 
No year months 

‘ | Mute 9 7 9 228 
Oe eee ieee arn ata esi yh ce | Oe 
Seo eak Olea: Ce ae A 66 201 B42 | 228 
ZiT) 254 | ; C521 303 | A66 201 B42 | 228 
Hote 280 | 4 G521 | 303 Awe £01 | B42 228 
%220| 247 | 55 @521 | 303 | A6é 201 B42 228 
eu He | @ Leen | BAG | lee) 
Bee ay 30 C521 | 303 ‘A 66 261 B42 228 
#227; 228 | 50 C521 303 ‘A 66 201 B42 228 
Ousvs. 246.00; 5240 ..... eM ne 201.00) 2.2 | 228.00 
One 250.20 


@ Average of yard. @® Unidentified eggs added. 


TABLE XXX. ANNUAL AND BEST TWO-MONTHS PRODUCTION 
iairdad, 1914-15, Oregons. 


Production 


== Eggs Eggs Eges 

Hen 1st Best 2 Dam | ist yr ID SIDS 1st yr. StD sy stay. 

No year months | 

E 200 200 56 C 643 291 | - 250 200 | 18598 246 
i 201 192 | 52 C 543 291 |- 250 200 ; B8 246 
E 202 1€2 52 C 43 291 250 200 B8 246 
E 204 160 47 C 543 291 250 £00 | B8'| 246 
Fi 205 239 50 C 543 291 250 200 | BS | 246 
FE: 206 152 45 C 543 291 | 250 PACU i) 18303 246 
E 207 193 53 C523 291 | 250 200 | B8& | 246 
E268 £26 48 C 543 291 250 ZC0 B8 246 
B 209 241 48 C 543 291 250 ¥00 B8 246 
F 211 205 53 C 543 2971 | 350 260 B8 246 
(Oe 197.00 | 50-44 qed tees saeeal coke 2000 0m ee 246.00 
@ia 201.70 


@ Average of yard. @ Unidentified eggs added. 


TABLE XXXI1. 


ANNUAL 


Yard 6, 1914-15, Oregons. 


AND BEST TWO-MONTHS PRODUCTION 


Production 


| Eggs Hges Eggs 
Hen ist Best 2 Dam | ist yr DED Ae etstiaya SED oa distusune 
No. year months | 

FE 232 145 | 5U A 66 ZOU ol" eee Al Wrath | C543 291% 
BE) 2638 212 48 A 66 2007 "Al eee ee | anes C 543 291 

E 234 286 57 C507 205 AS at 240 C 548 | 20K 
E 235 253 56 C507 215 eat. 240 C 543 291 

EH 236 156 52 A 66 PAU a lia cee cee ae Ne PGubAS 291 

E 227 285 48 A 66 201 ereeccee” te ee |C 543 291 

FE 238 | 239 | 54 Fu 42 228 EO colt] erties C 543 291 

Ei 239 159 47 A 66 201 eS: eee 10543 291 

BH 240 | 257 53 C50 | 215 A 240 | C543 291 

EB 241 | 212 52 C507 | 215 A 240 C 543 291 

E 242 161 47 Cet 215 A 240 C 543 291 

E 243 219 | 53 C547 | 250 A 201 B42 228 

BE 244 ulead 44 A 66 ZO) ee 0 ee 1C 543 | 291 
E246) 245 | 51 AWrGG SOT a) Pe Cel Meee }0543| 291 

(Die 211.14 | DORSGH W ecoee Cl ANS os anne 2eoco0! lees 286.51 

OVS 217.27 


@ Average of yard. 


@® Unidentified eggs added. 


TABLE XXXII. 
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ANNUAL AND BEST TWO-MONTHS PRODUCTION 
Yard J, 1914-15, Oregons. 


Production | | 
Eggs Eggs | | Begs 

Hen ist | Best 2 Dam | 1st yr. | D.D Ist yr S.D. | 1st yr. 
No. year | months 

E iol igs || 51 RACER ORD ures al eae, een [maine ae A6 2 
Woo 241 1° 56 Meee Meares) knee A668) 201 
B 103 162 | 37 C 539 191 257 ig & 246 
E104 263 51 SYACUSSE ae eee SO te Amel] Ee, A 66 201 
E105] 181 46 ide hile et mena, REN S A66| 201 
H106| 238 52 Seite tly GRE RET IS 1 ei a rane” A66. 201 
E107 213 53 Cc 490 231 257 B 8| 246 
E 108 212 46 Vic RH pe peat MP Te ee |e re A66| 201 
Ts 109 200 46 SiC HNN CRS SiS | os ets A 66 201 
F110 233 49 NAGI} |e eee, |p de oe | A 66 201 
F112 244 | 47 PGE NA masa | STARR ||) pot set A27| 240 
E113 224 51 C 539 191 257 Bis) 246 
B 114 BOR | 54 C 470 211 205 H12N 144 
B 115 301 58 EMA 228) cl See | C543 294 
I 116 149 34 AY MRI ONG [f eens | apie ]|| Ue ae | Wey 240 
F117 176 40 SAUER |S hear aay], Oe ees an ip eee A 66 201 
E118 258 48 B 42 20 9 tam ||| meee. eae C543] 291 
119 245 54 C508 268 201 C543) 291 
E 120 var | 30 ¥d. EB | cae || ee sed |) Oo ee A 66 201 
15) 1a 180 48 C528 214 201 B42] 225 
19} 12D 199 45 NEC ION eM ene ees A66| 201 
TDP 783 293 56 GSN etek, malig Le ts A 66 201 
B 124 238 49 C537 219 A Bl 209 | C543 29] 
TS 125 188 46 B8 246 250 200 B42| 2928 
Ei 126 146 5 C514 214 A 45 215 C543 291 
E127 274 56 C508 207 A 47 205 H12N 144 
E 128 150 45 C 425 OE ie A eaticess, | Umea | B42 228 
BH 129 23 49 DGG EG Ee |g WR ee ae | ee ee | eee A 66 201 
IDIBO |) BRP 57 cE) [Re pve Iara | |p Sie oe oer A66| 201 
E131 162 41 C539 191 257 B8 246 
E lez 261 £ SVG Vcices |p eceetego WY VecBe= | A 66 201 
EB 133 228 50 BYES cos | A 66 201 
h1e4 1&2 46 SVE TEU ee eae sete (a Bs A 66 201 
E 135 230 46 Ki 222| 188 200 B42| 228 
W1s6| 285 59 BCBS Regen ul Bade |) ha nate A 66 201 
B 128 309 57 C584 115 O 34 229 H12N| 144 
B 139 191 40 C534 204 A G61 257 C543 291 
midi) 228 47 AAO ee a ee carl © Bae A66| 201 
#143) 155 45 C547 250 A 66 201 | B42 228 
E144) 184 46 Women Eee fe jee. Vee A66| 201 
W145) 1595 44 Viglen ee ci ee en eR kee | A6G6| 201 
EB 146 208 47 ASHI) Meeeecee UM) nea ke ges AG66| B01 
BH 147 241 58 C503] 207 A 47 205 H12N| 144 
E 148 181 44 SAOSIN oe ee Miles aes eg eee A 66 201 
E 149 159 47 RViclea i |meeae ee Wil eee ca as A 66 201 
BH1i50) 191 53 NAOH OE) gee aul eae AGG6| 201 
TS 52), One 53 NACA || eka Il vem ay meee A 66 201 
EB 153 213 53 Dele ae|| ee gt | |e game Hee tines | A 66 201 
B 154 280 57 Vidthitpeaee ee seer LP eee | A 66 201 
H1i55| 253 51 ViCheROn serene | Moe) PS ie | A 66 201 
FB 156 284 54 C518 226 A 47 205 H12N 144 
E157 266 54 C512 Dang A 60 177 A 27 240 
1759| 171 51 Asia Th|l) Rey Ulloa HN ge ae A66| 201 
E 163 194 46 Vda Eula HV) Seiiee CR eee A 66 201 
Hi¢5| 236 54 C537 219 Ab5l 209 Ch43| 291 
15 166 147 43 C547 250 A 65 201 B 42 DDS 
1554 270 56 T) 618 188 REGO | a ame B 170 226 
1604 923 46 C 481 239 Valine 2 /H12N 144 
OO) ae 217.24 ALOT Oi meneee ee ON Oe ee PAW | cece 214.31 
Oe 219.22 


@ Average of yard. @ Unidentified eggs added. 
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TABLE XXXIII. ANNUAL AND BEST TWO-MONTHS PRODUCTION 


Yard 10, 1915-16, Oregons. 
Production | 
Eggs Hggs Eggs 

Hen 1st | Best 2 Dam istiyr D.D lst yr S-De | Ist yx 

No year | months 

i 566 286 58 D 269 276 B42 228 C516 267 
F 567 Prat | 56 Yd. M * | eee al eee! |C 521 303 
F 568 222 | 52 Yd. M 2 ll Be ee cee |C 521} 303 
i 569 208 | 50 Yd. M * (i Cé21) 308 
eee 251 51 Yd. M * ees am | Bee |C521| 303 
Ie 572 245 48 Yd. M Bo eke OS eee |C 521 3038 
Leet! 233 44 Yd. M * | eae eee C521 303 
Bots 156 40 sYd. M * | Geel 302 
I 576 226 53 “Yd.M f I asses et eee Cbad | 308 
Ee onnd 226 54 Yd. M i yee A eee 1(Cs2h). 303 
F578 200 46 D 614 272 B 4 217, [@rotGamee0G 
E59 256 49 Yd. M i a |e ae = ee Ne |C521| 303 
* 580 267 | 53 Yd. M | ee eee |C521| 303 
(COs 234.39 ! SUSE eden ZAR eee PAPAL |) Benes 297.46 
(OY exe 237.77 


@ Average of yard. @ Unidentified eggs added. 
* Pen of high producing birds laying from 190 to 278. 


TABLE XXXIV. ANNUAL AND BEST TWO-MONTHS PRODUCTION 


Yard 7, 1917- 18, Oregons. 


Production 


Eggs Eggs Eggs 
Hen | 1st Best 2 Dara) sist evr D.D 1st yr S.D. |1st yr. 
No. | year months 
589) 270 56 E567 271 as NE | eee Cm 527i 303 
H590| 284 5D iH 827 203 C 488 268 G E21 303 
H 591 244 yal BY5( 25) 245 Yd. M eee Crs2t 303 
592 265 50 E 220 247 C521 303 D 269) 276 
H 593 189 43 F 566 286 D 269 276 © 821 303 
FL 694 | 240 49 F 568 222 Ol guN Ge meee Cane 303 
H £95 218 48 F808} 262 E 217 254 BE 123 293 
Ff 596 251 45 I 813 206 BE 216 250 | Hi 123) 2913 
ED Sorel 20 yal Ir 566 286 D 269 276 eh tals) hie} 
H598| 251 54 E846 | 265 Via ile ae EH 123) 293 
H 599 274 50 F281| 268 BY cle VTi eee AS SGiONN eee, 
£600) 224 | Bs C547 250 A 66 201 By 303 
| i | 
Os | 243.33 | 50.410 ee 2510.9) 2as ree GH AY |e eee | 287.75 
! 
@iee=. | 246.94 


@ Average of yard. 


@ Unidentified eggs added. 
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TABLE XXXV. ANNUAL AND BEST TWO-MONTHS PRODUCTION 


Yard H, 1917-18, Oregons 


Production 


Dam Beggs D.D; Eggs S.D. Eggs 

Hen 1st Best 2 LS Sine, ESteye aE ve 

No. year months . 
H701 ere fos Fx) C 547 250 \ 066 Boil (Sil 303 
H 703 286 | 54 BE 220 247 © 521 303 D 269 276 
H. 704 191 55 5 5AT7 250 A 66 201 (oy Gy Jit 303 
H 705 191 47 C647 250 A 66 POL eo) 2h} 208 
H 706 268 | 51 By 006 Pa Las | Pee | ere yl Mea A 60 rere 
EL 707 243 51 E 827 203 | C 488 PAGES or Bil 303 
H 708 200 45 F 567 PEA mn eg Gears ti er C 521 3023 
FL 709 229 55 GE Ou eaten see |r tee eee ai! Soe Se |B 14 215 
HL 710 170 50 TH 229 241 C 521 303 (O) Eyal 303 
H 713 276 58 BG MIG NE ol Aah ck Wik ays eeeee INE oe Coes A 60 77 
H 714 221 51 1285 234 C521 203 D 269 276 
H 715 251 54 Fl 285 234 Onsy-il 303 D 269 276 
H 716 203 48 Vedio LS ule meeeeeen men) eeceecenss eee A 60 skye 
ipl Youre 252 52 E 282 Zoe © 621 508 D 269 276 
H 718 223 56 iG Ouest ees © 521 303 E 178 299 
H 719 224 a4 SYSOP PO at Meee Sain en 2 eae ae A 60 077 
E21 226 50 F575 156 AOU OUT Hl Mae @yE21 303 
H 722 256 a1 Sacked alte staves te eeeeres ok bi een IX, GO 177 
Ler gh278} 236 54 i 827 2038 C 488 268 Gare 305 
H724 ALi 44 F554 234 € 621 303 ™ 478 299 
H 725 236 54 MIO GE |) cece |p coeeearee ee B 14 215 
H 726 231 54 F575 156 NAC eM eee ae [keh eel 303 
H 728 269 55 E 827 2038 | C488 268 CG 621 303 
H 729 173 52 NiGeOl = eee © 521 203 E 178 299 
Eni 23 51 BL Oi eee C 521 503 ih hs 299 
leh RE 207 50 F575 156 f NACODENG Te) oF 2 coe Craik 303 
H 733 192 52 F555 132 | C521 203 EH 178 299 
H i324 175 56 G 515 274 C 621 203 |G 590 193 
1B e Weis) 225 53 229 241 C 521 303 Ce Byul 303 
H 736 235 55 F055 132 eG bad $03 E 178 299 
ENTS 222 58 ie Oi ewes Ori l 303 EH 178 299 
H 740 227 57 CURES |p ec ieee, Geert 13s ale! 215 
H 741 204 50 F 554 234 | © 521 803 E 178 299 
742 260 49 DRO INSERT pte Ae eh | pee ea ie A 60 alee 
EL 743 170 55 Wide Oul ees C521 303 E 178 299 
Hi 745 213 48 E157 266 C512 217 |B 123 293 
H 746 216 50 F' 916 213 B14 215 (aD) ale} 293 
tl 747 244 52 D 328 215 BAS 206 EK 123 293 
H 749 229 51 F 916 213 B14 215 1D PS) 293 
EE T5O 261 56 f* 566 286 D 269 £76 eh isl 303 
BE God 253 54 BH 123 293 VSS) iP ee dpe WR 293 
L752 202 47 £ 136 285 Yd. EB a BE 123 293 
H 753 209 53 Wide 9l (gees C521 303 E 178 299 
Eieia 228 51 i 130 282 GE | ee eee op aye} 293 
H. 756 192 47 E123 293 BY SE lp yee 1D) 28) 293 
ER b 7 213 51 F 568 222 VG Vig) See Cm oma 3038 
H 758 203 49 FE 176 242 B14 215 E 123 293 
Hi 759 271 61 I’ 846 265 (5 eee fe | Ware By 123 293 
H 760 291 59 F' 566 286 D 269 276 C 521 303 
tee yeoal 196 56 E 130 282 SAOLID |) ee oe BH 123 293 
H 762 304 58 E 112 244 ili XGam je H 1238 293 
H 763 229 49 FE 873 250 B8 246. S) 123 293 
H 164 189 47 Il; 328 215 183 1033 206 E 123 293 
EG 226 55 TD 269 276 B 42 22% OP yal 303 
H 768 247 49 D 269 276 B 42 228 or Avail 303 
H 769 255 54 REGEN eee ne Cran 303 Toy) ales 299 
Tae Ca 258 58 NHRD Me eres | C52L 303 BE 178 299 
ipb Weal 269 55 I" 281 268 f Sal BME Mas AG 60 iltea 
H 772 189 54 (+ 515 274 C621 203 C 590 193 
H73 270 51 NGL. TEM conaeet C521 303 A 60 177 
fi 774 123 38 ise 'se6 [fa LSS | GLEE CS) | rae 2 cae eee A 60 Weligd 
ja! Vets) 228 52 Dgce a RI See Ay | Se Bae lla er ee IN GY) iG 
H 776 225 59 W515 C56 210 JX, Wh 240 
@) ee 224.38 GET cacao WLR a) Se oe AGOPA A: | Ne ae 269.62 
) 228.57 


@ Average of yard. 


@ Unidentified eggs added. 
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SUMMARIES 


Barred Plymouth Rocks. A summary is given in Table XXXVI of 
the Barred Plymouth Rocks, showing egg records for first twelve months 
of laying of the pullets, their dams’ dams, sires’ dams where known for 
the different years. This gives the record of 517 pullets in their first 
year, and the average for all of the years, for eight generations, includ- 
ing the foundation stock, together with the records of ancestry. Begin- 
ning with the foundation stock in 1908-09, and ending with the eighth 
generation, there is an increase in the production per hen of 128.49 eggs, 
or a percentage increase. of 149.16. If we make the starting point 
1909-10 in view of the fact that the pullets of the previous year were 
selected from different breeders and were not reared at the Station as 
all subsequent pullets were, we find the increase to be 98.95 eggs, or 
77.78 percent. 

Yard 15 (Table III), though not pedigreed, were from hens of the 
first year after being culled. That is to say, one-third of the poorest of 
the first year were culled out, yard-15 pullets being therefore from 
the best two-thirds of the flock. This may have had some influence in 
raising the production of yard 15. The males were of unknown pedi- 
gree, but it may have “happened” that they were from good layers. 
The pullets in this yard, in addition, were of a uniform age, and came 
to laying maturity at a favorable time, and in this respect had the ad- 
vantage to some extent over yards of later years. 

The first records of pedigreed pullets are given in yard 6, 1912-13 
(Table IV). The pullets of this yard were from dams with an average 
record of 210.94, and sires’ dams 194.79. 

It is seen that there is a considerable increase in egg vield in the 
first-generation pullets from high-producing pedigreed stock. The in- 


TABLE XXXVI. SUMMARY OF FIRST YEAR’S PRODUCTION OF 
BARRED PLYMOUTH ROCKS (IN AVERAGE PER HEN) 


No. Unidenti-, Best | 
Yard Weare Sot Pullets |fiedeges | two | Dams Dams’ Sires’ 
added | months | dams | dams 
&2.67 86.14 | Sills) || eS eee = 5 | ee 
117.64 120.68 | SL We See Ol) cee eae 
161.78 164.28 | SOK AO lls Mcereerce ee, mal Inpeeenenes eeeeeewee 
Caos 178.16 | 44.74 Z1G:94 4) eee 194.79 
177.43 180.97 45.22 181.37 202.44 185.96 
171.69 174.18 44.30 LOG TGS eee eee 183.85 
LU Siro 185.00 | 46.58 193.86) |) 21'..0'5 220.52 
169.41 175.59 46.57 1828.32 205.75 224.57 
176.36 185.78 | 45.27 18133 208.71 216,19 
184.06 | 189.01 46.69 213.84 | 214.81 231.68 
194.45 201.90 51.18 247.56 |) WOR .44 220.h8 
202.40 214.63 47.19 200.23 229.47 244.358 
163.57 164 09 42.25 ROS oi ed 212.45 217.29 


crease is not so great in later generations. Where the increase from 
unselected stock to pedigreed stock of the first generation is about 56 
eggs the increase from the first generation of pedigreed stock to the 
fourth generation of pedigreed pullets is about 24 eggs. While the 
increases in subsequent generations are satisfactory, the largest increase 
is shown in the first generation of selected stock. The influence of the 
immediate parent is apparently more pronounced than that of other 
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ancestors. On the’other hand, we see from the records that the more 
high-record ancestors there are, the higher is the flock average. It is 
expected, of course, that as the maximum possible hen production is 
approached, whatever it is, the rate of increase must necessarily be 
lower. In other words, as production rises beyond the mean of the 
- breed or race, there is a stronger pull backward and increases will nat- 
urally be slower. 


White Leghorns. A summary for the White Leghorns is given in 
Table XXXVII. The total. number of hens was 386. The average of the 
foundation flock was 106.88 eggs a hen. In the last year yards F and 
G (Tables XXII and XXIII), 116 hens, averaged 212.39 a hen, which is 
a percentage increase of 98.72. In the third year, with only ten hens, 
the average was high for unselected hens, but the fact that in this 
yard hen A27 of high record was “found” accounts for some of the 
increase. These hens were not pedigreed but were from the foundation 
stock in the second year after the poorest layers of the first year had 
been culled out. 

In the main, the results with the Leghorns agree with those of the 
Plymouth Rocks. In the first generation of pedigreed stock there was 
a large increase. In the second year of pedigreed stock, there was also a 
considerable increase. After that the increase was not particularly note- 
worthy. The variation in the increase in different years is considerable, 
and does not conform to any statistical conception of breeding. 

Probably various factors account for these differences. In yard 38, 
1914-15 (Table XVII), the influence of the male was plainly apparent. 
The breeding quality or prepotency of this male will be discussed in the 


TABLE XXXVII. SUMMARY OF FIRST YEAR’S PRODUCTION OF 
WHITH LEGHORNS (IN AVERAGE PER HEN) 


| No. |Unidenti-| Best 
Yard Year of Pullets | fied eggs two Dams | Dams’ Sires’ 
birds | added | months dams dams 
4and5 | 1908-09 50 106.14 | 106.88 SORA Gere eeee 5N Wks eee el | eee 
ew ener 1909-10 21 104.67 104.67 | aL Ted | errs. ham Ween cre |g ck 
US Sarees | SES Ae 10 164.60 | 164.60) 41.80 eee Ae, * ll" acer es So. ee eee 
1912-13 14 207.85 | 208.92 47.64 2232330) |e eee 229.00 
1914-15. 16 227.00 230.12) 51.19 242,19 222.33 233.13 
1914-15 42 212.86 216.72} 49.24 236.97 221.68 237.25 
1916-17 49 17:55" | 188.96) 47,61 209.74 247.27 251.71 
| 1916-17 57 169.84 | 172.65 44.77 ya le Ee 241.56 253.74 
= | 1916-17 dal: 215.00) 225.27 51.63 227.64 245.09 242.18 - 
..| 1917-18 60 ANE Sepa |) Gros hyp 47.78 235.42 229.78 302.00 
| 1917-18 56.) 199.63" | 201.85 48.57 224.50 247.95 236.31 
Neat A ee 2845 181.71 184.25 44.76 224.69 238.52 256.338 


report on the influence of the male. There was in this pen a 302-egg hen 
and several sisters and half sisters with high records. The decrease 
shown in yards P and Q has already been referred to as probably due 
largely to environmental conditions. It will be noticed also that the 
production of the dams averaged lower than that of other pedigreed 
yards, though the sires’ dams averaged high. In every year, however, 
there was a considerable increase over the production of the non- 
pedigreed flock. 

A flock of sixty pullets in yard F, 1917-18 (Table XXII) gave -the 
very satisfactory average of 222.22 eggs a hen. These pullets were all 
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sired by males from a dam with record of 302 eggs and grandson of the 
sire of yard-3 pullets.. y 

The production of the pullet progeny, it will be seen, averaged 
lower than that of either the dam, dams’ dams, or sires’ dams in all 
cases. But the difference is less between the pullets and dams than 
between the pullets and sires’ dams. 

The best two months’ production shows an increase of 48 percent 
from the first year to the last year. The rate of increase in each year 
of pedigreed progeny, as in the case of the Plymouth Rocks, does not 
bear a close relation to the increase in number of generations of pedi- 
greed ancestors. 

Cross-breds or Oregons. A summary of the cross-breds or Oregons 
in Table XXXVIII shows that the second generation, yards 7 and 8 
(Tables XXIV and XXV), averaged 135.49 eggs, and the seventh or 
last generation, yards 7 and H, averaged 231.55 eggs a hen, an increase 
of 96.06 eggs or a percentage increase of 70.89 (Tables XXXIV and 
XXXV). If we figure from the foundation stock of White Leghorns and 
Barred Plymouth Rocks, the increase is over 150 percent. 

The increase in the best two months, from the first generation of 
crosses to the last generation of Oregons is 58.05 percent, giving addi- 
tional evidence that high-laying capacity has been inherited. 

There was a very marked increase from the unselected stock to the 
first generation of pedigreed stock, and the increase in subsequent gen- 
erations is considerable, though not so marked. This agrees with the 
results secured with Barred Plymouth Rocks and White Leghorns. 

On the whole the flock increases are much greater for the Oregons 
than for the Leghorns or Plymouth Rocks, if we calculate from the 
foundation stock. The first cross shows a considerable increase over 
both parent breeds. In the absence of selection, the only explanation 
for this increase is that there was an increase in the vigor, which was 
responsible for the increased production. The largest increase, however, 


TABLE XXXVIIJ. SUMMARY OF FIRST YHAR’S PRODUCTION OF 
OREGONS (IN AVERAGE PER HEN) 


No. Unidenti-/ Best 


Yard Year of Pullets |fiedeggs | two Dams | Dams’ | Sires’ 
birds added months dams dams 

1909-10 33 129.94 SIE OGalmeco ene Broce ster limes acer gee eae nee 
1909-10) 30 127.96 UK| BIRO tea || -ssseetoees Mill seca 
1910-11 37 147,16 TWN GRY AN eo |" 5 sie tee eee 
1912-1? 20 216.45 220.80) 48.40 207.45 224.42 
1913-14 49 216.44 220.78 | 51.04 186.45 204.00 
1914-15 10 246.00 250.20 52.40 503.00 | 228.90 
1914-15 10 187.00 201.70 50.40 £91.00 | 246.00 
1914-15 14 211.14 2127 50.86 211.48 286.51 
1914-15 58 217.24 219.22} 49.19 215.24 914.33 
1915-16 13 224.39 237.77 50.31 274.00 297.45 
1917-18 12 243.33 246.91 60.41 250.92 | 287.75 
1917-18 63 224.38 228.57) 52.30 ZeeT oe 269.62 
349 197.58 201.05 | 45.95 PAAR «|| 240.92 


came in subsequent generations of pedigreed stock, where the record 
shows high production of the ancestors. In this latter respect also, 
the results agree with those of the pure Leghorns and Barred Plymouth 
Rocks, the immediate parents apparently exercising a greater influence 
on the production of the flock than other ancestors. 
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In the first generation of pedigreed Oregons, the flock average was 
more than the average of the dams and slightly less than the average 
of the sires’ dams. In the next year the flock averaged 220.78 eggs, 
while the dam’s average was 186.45, dams’ dam 200, and sire’s dam 
204. In this case, there was an actual increased production over the 
parent stock on both sides. This happened in one other case, that of 
yard J, 1914-15 (Table XXXII), the pullets, 58 in number, averaging 
219.22 eggs, dams 215.24, dams’ dams 217.4, and sire’s dams 214.31. Here 
we have an actual increase in production over the apparent capacity of 
the ancestors. 

Taking the average of all flocks and hens where the breeding stock 
is selected among the highest producers of the flock, their pullet 
progeny has a lower average flock record than the average of the 
ancestors. 

There are many cases, however, in our records, where the individual 
production of the hen is greater than the ancestors, even though the 
latter are high producers. In yard 9, 1912-13 cited above (Table XXVII), 
there are six hens in twenty with records exceeding the records of both 
dam and sire’s dam, the highest record being 303, and dam’s record 201 
and sire’s dam 229. The second highest was 291 eggs with dam’s record 
of 200 and sire’s record the same. 

In yard E 1913-14 (Table XXVIII) is the rather remarkable record 
of 49 pullets, with average production considerably in excess of the pro- 
duction of either the dam, dam’s dams, or sire’s dam. The same male 
was sire of all the pullets. On the other hand, in yard 5 (Table XXX), 
ten pullets averaged 201.7, while the dam laid 291, dam’s dam 200, sire’s 
dam 246. 

In yard J (Table XXXII), containing 58 pullets, the average pro- 
duction is higher than that of the dam, dams’ dam, or sires’ dams. This 
is another case in which the production was higher than that of high- 
record ancestry. In this yard, however, there were six pullets, from a 
low-record sire’s dam and high dam, except in one case where the dam 
was a low hen with production of 119 eggs. From this low-record hen 
and low-record sire’s dam, the highest egg record of the yard was se- 
cured; namely, 309 eggs. The pedigree of the sire’s dam, whose record 
was 144 eggs, extends farther back through several generations of very 
low producers, as shown in Table XLV. 

From this table it might be proved, both that high production is and 
that it is not inherited. If we take the average of all the pullet flock and 
the average of the ancestors, it is clear that high production is inherited. 
But if certain individuals be selected from the table, it could be shown 
that there was both transmission and non-transmission of laying quali- 
ties. Certain individuals apparently inherited high production from high 
producers, and certain other individuals apparently inherited low pro- 
duction. But when the average of all the flock is taken, in connection 
with the production of former generations of the strain, there can be 
no question that the factor of high production was inherited, 

If there was lack of vigor in the parent stock and the first cross 
restored the vigor, then the production of the first generation of crosses, 
which was 135.49 eggs, should represent their actual inherited egg-laying 
capacity, and the increase from the first generation to the suventh of the 
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crosses or “Oregons” represents the effect of selection of breeding stock, 
based on high production records. In that case, crossing alone did not 
produce high-record layers, the greatest increase Gone from sub- 
sequent selection. 

While crossing evidently increased the vigor and’to that extent in- 
creased production, it is not assumed that the production of the first 
crosses was greater than may be secured from pure breds of good vigor; 
but in subsequent generations when trap-nest selection was practiced, 
a much greater increase was secured. It would appear that the opinion 
often expressed, that crossing usually gives good results in the first 
generation, but that in subsequent crosses there is reversion or a de- 
crease, is not necessarily true. The increase in production of the pure 
White Leghorns and Barred Plymouth Rocks was secured not by main- 
taining merely breed purity, but by selection within the breed, or the 
use of breeding stock with high individual production records. Nor did 
we find that crossing the crosses brought about deterioration, but by 
similar selection of breeding stock we secured, on the contrary, a 
higher production than from the first generation of crosses. Inbreeding 
was avoided, because of the danger of defeating the purpose we had in 
view in crossing, that of increasing the vigor. 


SUPPLEMENTARY EXPERIMENTS 


In 1914 the Station placed with the poultry department of the Ore- 
gon State Hospital 100 pullets from yard E, 1913-14, Oregons. Their 
date of hatch was March 15. The State institution also secured eggs 
from the same flock from which 80 additional pullets were reared, which 
were hatched June 24. These two flocks were kept under conditions of 
housing and yarding similar to those at the Experiment Station and the 
same feeding system was followed. This work at the Oregon State 
Hospital was made possible through the cooperation of the superintend- 
ent, Dr. R. E. Lee Steiner. The record work was supervised by the 
head of the Poultry department of the Experiment Station, who also 
selected the breeding stock. The Poultry department of the State Hos- 
pital was put in direct charge of C. M. Wilcox, a graduate assistant of 
the Station’s Poultry department. After Mr. Wilcox’s death in the war 
service, W. H. Hart and A. D. Zinser had charge. 
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TABLE XXXIX. FIRST YEAR’S PRODUCTION 1914-15, OREGONS, 
OREGON STATE HOSPITAL 


RS) 


GS 


— po pomes-+ no 


Yard 1 Yard 2 Yard 3 
Pullet No. first Pullet No. first Pullet No. first 
year year year 
az 275 AS Srey oo Pe eee 278 SZ oe Z81 
1€ 258 40. a 267 lies -s 276 
Wile, 253 aT. 268 90 266 
14. 252 47. 254 94 25:7 
TGs: 250 Dies 250 100.. 253 
ties 250 oo. 248 Sule 252 
Ne 245 | 44. 246 aes 248 
245 43. 245 a) £45 
244 \e8° 244 74... 244 
235 61: 244 §2.. £40 
227 OSs 238 Om 239 
225 | 66. 238 992 239 
S12 225 49. 237 Ge 238 
Den 223 || 42.. 237 oo 23 
22%: 223 Powe 235 Sees 234 
PA 222 60... 234 lee 225 
bb 220 Gi2ee 228 I6s 220 
I 220 vee 226 87. 215 
ew 212 5g. 219 eee 214 
PN oe £07 €4. 214 foals 213 
Me 202 51. 213 Ue Pyalst 
ah 261 ihe 211 €&_. 209 
&.. 201 5s 210 952 207 
ve 200 ih) 206 (Ose 206 
alas 194 50 201 8... 205 
ons 193 67 198 Te 196 
z 186 54 196 80.. 195 
§ 183 36 193 8C_. 18s 
7 181 i6 190 98. 175 
8. 180 65 188 (Be 170 
ale 177 37 185 9& 162 
ae 163 E 177 | 8&4 156 
Geen 161 


IAVOYARO.....ocn.s.c- 216.15 Average..............-- 225.41 ANGPA RE: 2 222.38 


49 


Of the 100 March-hatched pullets 97 completed the full laying year, 
while 75 of the 80 June-hatched pullets finished the laying year. The 
production of the two flocks is shown in tables XXXIX and XL. The 
first flock, which occupied yards 1, 2, and 8, averaged in the first year 
221.26, with high record of 281 and low record of 156. The 75 June- 
hatched pullets in yards 4 and 5 averaged in the first year 219.41, with 
high record of 303 and low record of 147 eggs. 


The pullets of yards 1, 2, and 8 were from yard-E dams, which 
averaged 220.78 eggs. They were not individually pedigreed, however. 
It will be noted that the sires’ dam A66 was the dam of C521, record 
803 eggs. The dams’ dams were yard C, record 173.66 eggs in the 
first year and 199.09 in the second, the low first-year record being due 


TABLE XL. FIRST YEAR’S PRODUCTION 1914-15, OREGONS, OREGON 
STATE HOSPITAL 


Yard 4 Yard 5 | 

Pullet first Dam First Pullet first Dam First 
No. year year No. | year year 
NOP eee 303 D 681 263 (eee 286 | D670 263 
TEA 296 D 657 272 5 eee 278 D 683 269 
tO pee 292 D 683 269 TAG, | PRY D 684 
103 291 D 674 216 | PUDGAS |) eae 
ote 284 D 625 274 | 268 D 637 245 
Tale Oe D 637 245 260 D 625 274 
TGS 257 D 670 263 248 D 683 269 
gees 253 D 627 246 247 D 635 250 
133 253 D 670 263 247 D 680 185 
Oe 248 D 624 242 243 D 671 210 
TS ee 245 D 637 245 238 D 663 270 
TAD ee 242 D 637 245 234 D 665 220 
WHE oe 242 D 627 246 231 D633 SC 
130... 238 D 656 176 OADM |} nee 
HOG | Desa D 680 185 230 D 684 
TOR ce 233 D 657 272 or D626 | see 
ibis Oe 230 D 653 220 22 D650 | 157 
2 bee | 223 D 684 222 eeD1678 190 

| or D626 | ...... 217 | D662 171 
Ti OGreees Zon ID GBS | HS 217 D 679 193 
fiitS oe 218 D625 | 274 217 D 631 212 
hay mene Pie D 670 263 216 D 650 157 
126 211 D 675 248 Dave D 671 210 
Agee 210 D 624 242 | 213 D 639 185 
ORY ee 208 D 675 248 | Bod D 671 210 
tod. 208 D 671 210 | 202 | D624 242 
(Lt Eee 207 | D629 191 | 197 | D631 212 
10455. 207 D 678 190 194 D 665 220 
bale (eeee | 205 D655 | 205 191 D 681 263 
UDO ee 200 D 625 274 191 D 660 216 
Thaw 197 D 662 171 189 D 684 
TWEE pace 195 D 684 CreIDOABY |] ees 

HRIBIAS || eee 188 D 649 23 
Tsl\Opaee 194 D 629 191 178 D 635 250 
Gee 190 D 679 193 170 D 663 270 
12 eee. 185 D 679 193 170 D 629 191 
TS Qe ee. 178 D 679 193 167 D 672 242 
ieee 173 D 625 274 164 D 636 178 
TM Oleseee | 167 D 635 274 151 D 631 Pil 
Wate | ayy D 633 202 147 232 210 
1320". 154 D 684 218 
Aver- | Aver- 
age.. 224.00 219.85 age... 214.44 221.19 
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TABLE XLI. FIRST YEAR’S PRODUCTION 1915-16, OREGONS, OREGON 
STATE HOSPITAL 


Yard 6 Yard 6 &, 
Pullet first Dam First first Dam | First 
No. year year year | year 
302 14 | 282 232 8 ez On 
284 16 | 258 232 100 | 258 
282 76 | 206 232 85 205 
281 91 252 232 61 | 244 
281 81 DNS 221 69 | 245 
280 | 16 | 258 230 32 e228 
279 1 | 194 229 val 248 
Die 31 25 229 15 | 244 
276 63 ly 288 227 50 201 
275 79 r 170 DD 26 | 225 
273 82 281 226 89 1 RK 
272 93 | 207 226 2 ets 
265 | 75 | 276 226 54 | 196 
265 95 | 162 226 11 253 
264 76 206 225 22 223 
264 96 | 220 225 Sir 215 
264 59 219 224 100 253 
263 25 163 224 31 225 
263 82 | 281 224 27 | 207 
262 40 267 224 2 | Eps 
2€2 1 275 223 44 | 246 
261 87 215 223 36 193 
259 54 257 223 94 257 
257 82 281 223 1 | 194 
256 12 275 222 3 245 
256 59 219 Peal 58 | 244 
254 71 248 221 78 | aie 
253 74 | 244 221 91 252 
253 93 (ROG 220 20 | 229 
253 57 263 220 16 | 206 
258 94 257 218 16 | 258 
251 11 253 OAs 27 207 

250 12 275 217 92 23 
248 23 245 217 14 | 252 
248 82 281 217 26 225 
248 15 244 216 15 | 276 
247 68 209 216 46 190 
247 81 213 216 4 202 
247 64 214 215 26 225 
246 16 258 215 13 | 161 
246 48 Bis 215 a 225 
246 72 211 215 35 | Bill 
245 82 281 215 83 240 
245 45 245 215 5 250 
245 37) ts 214 69 245 
245 42 237 214 35 211 
244 8 201 214 10 220 
243 771 | 248 213 5 | 250 
242 93 I BOW 213 51 | 213 
242 28 183 213 67 | 198 
242 90 266 212 9 212 
242 82 PSII Dili 23 | 245 

234 68 209 210 42 23 
239 75 276 209 15 276 
239 98 176 209 91 252 
239 59 219 209 42 237 
238 87 215 208 67 198 
237 8 201 208 46 190 
237 _il 194 206 57 263 
236 77 | 225 206 15 244 
236 59 219 206 39 248 
236 76 206 206 15 276 
235 81 213 206 46 190 
23 90 266 204 67 198 
234 16 258 203 65 188 
234 75 276 202 13 161 
234 etl 225 202 45 245 
233 45 245 202 44 246 
233 6 235 201 14 h 252 
232 11 253 201 13 161 
232 69 245 201 16 258 
| 201 13 161 
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TABLE XLI.—Continued. 


- Yard 6 
Dam First Pullet first Dam First 
year No. year year 
53 210 180 39 248 
44 246 : 178 72 211 
86 188 . 177 99 239 
67 198 E 176 53 |} 210 
38 206 i 178 | 90 266 
8 20 ii) alge | 52 235 
Sil | 252 al abe 69 245 
8 201 170 40 267 
22 223 | 168 85 205 
15 244 | 166 35 211 
81 918 164 99 239 
85 205 | 168 43 226 
77 225 | 161 58 244 
31 225 | 159 51 213 
38 206 159 23 245 
20 222 159 76 206 
| 76 206 157 53 210 
| 49 237 152 59 219 
94 257 149 90 266 
42 237 141 59 219 
82 | BSI Iai 51 213 
50 | Boul 135 8 201 
38 | 206 131, 8 | exial 
14 252 131 33 193 
60 234 12% 48 Drs 
iil | 253 
58 244 OAS NT Sk maura eees TENG 


TABLE XLII. 


SUMMARY OF 


OF YARD SIX AND THEIR PULLETS 


FIRST AND SECOND YEARS OF 77 DAMS 


DAMS Dam’s DAMS DAUGHTERS 
Average Average Average 
GROUPS aap Production Production No. of Hens Production 
fo) 
1st 2nd P 1st 2nd ist 2nd 
ES year | year Ist year year | year | year year 
AN dunis | | x | 
and daughters | TT =| 223.76 | 155.42 220.78 195 141 | 218.78 | 155.97 
251- to 300- i 
egg dams .......... 13 | 263.92 | 175.16 220.78 | 50 AY |.229.26 | 163.61 
201- to 250- 
gee CenrNS ae 49 225.67 | 152:93 220.78 120 81 | 214.15 | 150.87 
151- to 200- 
efedess Coksments}! Geer ean 1 15 182.73 | 143.7 220.78 25 19 | 220.08 | 161.21 
*Yard average. ; 
TABLE XLIII SUMMARY OF FIRST YEAR’S PRODUCTION AND BEST 


TWO MONTHS, OREGONS, OREGON STATE HOSPITAL 


Yard Year No. First Best 2 | Dam’s Sire’s dam’s 
hens year months | average average 
| Yd. EB 

1914-15 33 2116.15 48.88 (220.78) 201.00 
1914-15 32 225.41 49.66 (220.78) 201.00 
1914-15 82 | 222:38 49.72 (220.78) 201.00 
1914-15 39 224.00 50.46 219.85 201.00 
1914-15 36 214.44 51.56 221.19 201.00 
1915-16 195 218.78 50.73 229.17 291.00 


to lateness of hatch and other conditions. 


The high second-year record 


indicates high laying capacity. These pullets were the fourth generation 
from high-record pedigreed stock. 
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The June-hatched pullets of yards 4 and 5 were from the same yard 
E, but they had individual hen pedigrees. In other respects their pedi- 
grees are the same as yards 1, 2, and 3. 

In the winter of 1915 the pullets of yards 1, 2, and 3 were mated to 
males whose dam was C543, record 291 eggs. From this mating 195 
pullets were produced and trap-nested. Their production is shown in 
Table XLI. They were from 77 of the hens in the yard, each chick being 
pedigreed. The dams averaged 223.76 eggs and the daughters averaged 
218.78, while the dams’ dams averaged 220.78. In the second year 141 
of these pullets were kept over and averaged 155.97 in the second year, 
while their dams averaged 155.42. 

In Table XLII have been grouped the 77 dams of 195 pullets of 
yard 6. It is seen that 18 of the dams laid an average of 263.92 eggs 
and within a range of 251 to 300 eggs inclusive; 49 averaged 225.67 and 
laid within 201 to 250, while 15 averaged 182.73 and laid within 151 to 
200. Their second-year record is also given. 

In the same table is shown the production of the 195 pullets for the 
first year, and the second-year production of 141 remaining. They are 
also grouped according to dams, the thirteen highest-record dams having 
50 daughters with average record of 229.26 in first year. The second 
group of 49 dams produced 120 pullets with average record of 214.15, 
and the third group of 15 dams produced 25 pullets averaging 220.08 
in first year. 

There is no significant difference in the production of the pullets 
from the different groups of dams, the fifteen dams averaging 182 plus 
eggs producing pullets of but slightly lower average than the highest 
group of dams with average egg production of 263 plus, while the pullets 
from the second group of dams averaging 225 plus averaged a trifle 
less than the pullets from the lowest group of dams. 

The dams, however, are practically all of high record and of the 
same breeding, and were mated to sires from the same dam. The rec- 
ords of the pullets in this case appear to follow the average production 
of the strain or of the ancestors of the female line. This result empha- 
sizes the importance of the strain or of long high-production pedigree, 
rather than the value of the immediate parent. 

It is rather remarkable how closely the records of the State Hos- 
pital flocks follow those of the Experiment Station flocks. Under differ- 
ent environment these flocks at the State Hospital showed practically 
the same production as the Station’s flocks of similar breeding, in- 
dicating, as in the case of the Station flocks, transmission of high 
fecundity. The influence of the male whose dam laid 191 eggs, did not 
result in raising the production of the pullets above the average of the 
dams of four generations, the production of the three generations in the 
female line being strikingly similar. High fecundity, however, was 
maintained throughout the four generations. High fecundity in this case 
was represented by 200 eggs or more in a year, though the original high 
foundation stock laid less than half as many eggs. 

In subsequent years, interruptions due to war service interfered 
with the keeping of many pedigrees, but the average of the whole 
flock, which now numbers about 4000 fowls, has been about the same 
in each year. 


she, 


PRODUCTION PEDIGREE OF 195 PULLETS YARD 6. 
SHOWS PEDIGREE OF YARDS 1, 2, 3, 4, AND 5 


THE LOWER HALF 


lesiresko 


(Sire D501 < 


Dam B8 
Ist: yr. 246 eggs 
2d yr. 160 eggs 


( Sire 

{+ Dam A27 

Ist yr. 240 eggs 
2d yr. 222 eggs 
3d yr. 202 eggs 
( 4th yr. 155 eggs 


Sire 

1 Dam 250 

Ist yr. 200 eggs 
2d yr. 202 eggs 


Sires ] 3d yr. 159 eggs 
7 4th yr. 135 eggs 
; ) Sire 
[sie ‘Dam 250 
| 1st yr. 200 eggs 
| 2d yr. 202 eggs 
| \pam ©0543 J 
Steevie 
291 eggs 
[ Sire 
Yard 6 - ‘Dam 250 1 Dam A6l1 
Pullets 1st yr. 200 eggs | 45 yr. 257 eggs 
1915-16 | 2d yr. 202 eggs | 2d yr. 117 eggs 
218.78 
1st year | 
5D. oid 
2d year ; ( Sire 
Sire 3 4 Dam A111 
Dam A66 1st yr. 204 eggs 
1st yr. 201 eggs | oq yr. 148 eggs 
(Sires 158 + 2d yr. 133 eggs 
| 203 3d yr. 107 eggs 
eee | 487 4th yr. 98 eggs 
Ke r 3 s 
Varde < TS Lei 5th yr. 73 egg 
12a | { Sire 
77 hens | (Sire 83 { Dam 250 
223.76 LO. A.C | 1st yr. 200 eggs 
1st yr Dam (Dams Yd. C (2d yr. 202 eggs 
155.42 Yard E 173.66 1st yr. 
3d yr 1913-14 199.09 2d yr. 
Average 


220.78 eggs 
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300-egg Hens. In 1918-19 a flock of about 430 pullets (the exact 
number cannot be given) were trap-nested at the State Hospital, and in 
the flock 15 hens made records in their laying year of 300 eggs or more 
(see Table XLIV), the highest record being 330. The average of the 
15 hens was 310.86 eggs. It is no doubt an unprecedented record to 
secure so many 300-egg hens in one year from a flock of that size. 


Not only is the first-year record phenomenal, but the second year 
record is also phenomenal. In the second year one of the hens died 
before it laid any eggs and another died after laying 152. Ali the re- 
maining 13, with one exception, laid more than 200 eggs, the highest 
being 264. The average of the thirteen for the second year is 224.92. 


TABLE XLIV. ANNUAL AND BEST TWO-MONTHS PRODUCTION OF 
300-EGG HENS—OREGON STATE HOSPITAL 


Best 2 | | | 


| | mos. | 
Hen First Second First Total Dam | istyr.| Dam’s| 1st yr.| Sire’s |Ist yr: 
No year year | year | 2 years eges dam eggs dam | eggs 
BOT | Be 216 | 59 546 peers rors a i oetenn NV Pa. ace © sas Wad oe 
PY). | BAS 242, | 61 565 285 274 16 258 | C521) 303 
USO lees 231 | 60 554 Boe te Seat ee ecm Meee a ee ee eeses 
264... | 314 205 62 519 ac || Chee | er iret wee Vio 
297 313 264 58 ail socal || ee Oil eee Gl eee ee eee ede ee 
444. B33 206 60 519 Zeca. || Mckee || Saeco Nee ee mn es ee cera ene 
as |) Sul) 243 iy) 553 lh ears ee eerie ee Dp ee 
Be | OOO" i eee CO) eee 285 274 16 258 Gro cdales Oe 
430_.. | 308 257 59 565 BES Hearn Ml tcteee II dette [\oreeeseeil lneceres 
T2e-- | 3808 173 | 58 481 482 274 S20 | 2S ese 180s 
54 | 306 | -D See Al pases 640 190 SHG | 3802 C251) 303 
DOs. | BOs 223 | 58 527 482 274 82 | 281 Owe | SOS 
396 SOal 23k 57 Doe allie ie cee eee ge eae Hh, sesdeee TNS Me Seca it eee 
Pee | Oat 208 | 59 1 een (em EE Patel ed 22 ee oe ae 
156- 300 | 225 , to) Doe GN, aera eee i | PR ened Nicetece 
Aver- | 
age._! 310.86 | 224.92 BS) 0UB3 | } | 
In the case of five of the hens the pedigree is complete. Hen No. 


29, with record of 328 first year and 242 second year, is a full sister of 
hen 38 with record of 309 the first year and incomplete record second 
year. In one other case there are two full sisters, hens 72 and 305. 
This is significant of high breeding qualities in the dam as well as 
sire’s dam. The sire’s dam is C521 with record of 303 eggs. It is also 
significant that the record of the pullets exceeds the record of the dams 
in all cases and exceeds also the record of the sire’s dam, though the 
difference between the sire’s dam and the pullets is of no particular sig- 
nificance. It would appear therefore that the sire’s dam in this case 
exercised the dominating influence. 

The other ten hens are of similar breeding though their pedigrees 
unfortunately were lost. Probably most of them were from the same 
sire’s dam, and it is known they were from high-record dams. Hen 54, 
record 306 eggs, was from a 190-egg dam, but the dam’s dam laid 302, 


so that this hen has a grandam on both sides with record of more 
than 300 eggs. 
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BREEDING QUALITIES OR PREPOTENCY VERSUS EGG-LAYING QUALITIES 
_ AS A BASIS OF SELECTION 


When the term “pedigreed high producers” is used in this bulletin 
it is meant to convey the meaning merely that the hen or the male in 
question is from a high-record dam and sire’s dam. It does not mean 
that their breeding qualities have been tested and found good. In point 
of fact in the majority of cases nothing was known of the ability of the 
breeding males or females to transmit their qualities. It would be diffi- 
cult to prove whether the increased production was due to the effect of 
breeding the best producers to the best producers, or of selecting among 
the high producers, those that were good breeders of high producers. 

In other words, was the increase due to selection on the basis of 
egg production only, or was it due to selecting for breeding stock only 
those individuals that had been proved to be capable of producing 
high producers? 

In the first years of the experiment, there was no opportunity to 
select by the progeny test. The only basis of selection was the egg 
record, and it is true, from the records of the progeny, that this method 
of selection was effective in all three breeds. There are indications in 
the records that some hens produced better layers than others; in 
other words, while the difference in some hens does not show by their 
egg records, there does appear a difference in their breeding powers, 
judging by the records of their progeny. It was found that there were 
differences in males in transmitting their laying qualities, and this fact 
will be discussed later. This difference, however, is not so conspicuous 
as to warrant any deduction that the results were due in any large 
measure to differences in the breeding powers of males. 

The point to be emphasized in this connection, however, is that a 
definite increase in production was secured by breeding the best to the 
best; that is, by using the annual record only as a basis of selection, in 
other words mating high-record hens to males from high-record hens, 
to produce high-record progeny. 

It may be asserted that it “happened” that the breeding stock 
used possessed the powers of transmitting high production. If so, then 
it may be assumed, that this is just what is likely to “happen” in all 
flocks where numbers are used; and that regardless of the tested 
breeding powers of the breeding stock, or without regard to the record of 
their female progeny, there is bound to be increased production if the 
best is bred to the best, or if the breeders are selected only because they 
are the best, according to their own trap-nest records. This subject will 
be discussed in a later bulletin in studying the records of the progeny 
of different males. 


VARIABILITY IN HIGH AND LOW PRODUCTION 


Variability in production did not decrease with increased production. 
In other words, the range between the highest and lowest individual 
records was practically the same at the end of the experiments as at 
the beginning. This is shown in Figs. 11, 12, and 13 of frequency 
distribution of hens which give the number of hens each year in groups 
within a range of 20 eggs. For example, in the first year, 1908-09, with 
a total of 92 Barred Plymouth Rock hens, in the lowest group laying 
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between 1 to 20 eggs, there was 1 hen; in the group laying between 21 
and 40 there were 6 hens; in the next group laying between 41 and 60 
there were 20 hens, and in the next, laying between 61 and 80, there were 
25 hens. By looking to the right in the table of Barred Rocks under 
the year 1912-13 of pedigreed stock it is seen that, though there were 
more hens in the flock, there was only one hen in those four lowest 
groups. 

In the first year the highest number of hens was found in the group 
laying between 61 and 80, while in the year 1912-13 of pedigreed stock 
the highest number was found in the two groups ranging from 161 to 
200. In the last year the highest number of hens is found in the 
group laying 201 to 220 eggs. As production increased there were fewer 
hens in the lower groups. The average hen population moved up to 
higher levels as a result of better breeding. 


With the Leghorns the mean moved up from group 101 to 120 to 
901 to 220, while in the case of the Oregons the mean moved up from 
group 121 to 140 to group 221 to 240. The first year of the Oregons 
gives the record ofthe first crosses and not the foundation stock of 
Leghorns and Rocks of the previous year. 


In the last year there was apparently as great an opportunity 
for selection as at the beginning of the experiment. 


It will be noticed also that there was a movement upward among 
the high groups, almost arithmetical in proportion with the lower groups. 
Higher levels of production were reached. Low-producing hens were 
being eliminated and at the same time higher-record hens obtained. 


This may not mean, however, that there will be relatively fewer 
slacker hens or unprofitable hens as the low-producing hens are elim- 
inated. The costs of production determine whether a hen is a slacker 
or not. A hen that was profitable in 1908-09 might be a slacker in 
1917-18 because in the latter year the costs might have increased to such 
an extent that her production was not profitable. Raising the costs 
increases the slacker population, while lowering the costs decreases the 
slackers. While our experiments had to do with production, not with 
costs, the practical effect of increased production is increased profits by 
elimination of slackers. 


The same results are shown in the different breeds—a raising of 
the general average by breeding but practically the same variability in 
production at the beginning as at the end of the experiments. 


The general average production of the hen population is shown by 
the heavy lines. Naturally the range will vary as the numbers in the 
flocks increase or decrease, but there is no mistaking the significance 
of these tables. While the average production of the progeny of selected 
high-producers is lower than the parents (dam and sire’s dam) except 
in isolated cases already referred to, there was a progressive increase 
each year, individuals showing higher production than the parents in 
accordance with the principle or law of progression. 


By 


The actual high and low individual records of pedigreed parents and 
their pullets were as follows: 


1912-13 1913-14 1914-15 1915-16 1916-17 1917-18 
High Low High Low High Low High Low High Low High Low 


B. P. Rocks—Parents 259 105 259 DG ZO er LOT ni vcctec) Gooeee 268 185 270 161 
Pullets 268 3 268 SO 240.) LOS oc. 220 154 308 54 
W. Leghorns—Parents DACs SZ VO aoe, 2G ie) Oe eee 302 189 802 114 
Pullets 26) e LOS Be eee B02) 100") se ae 264 63 300 23 
Oregons— Parents 257) 11395226) 188 6808) 119" 808" 267 2 23S 303 156 
Pullets 303 1238 278 58 309 WieecsG oe LbGs ce Fee 3804 123 


Barred Plymouth Rocks. 


1908-09 1909-10 1910-11 1912-13 191314 191415 1916-17 1917-18 


301-308 


281-300 
261-280 
241-260 
221-240 
| 201-220 
181-200 
161-180 
341-160 


121-140 
e 


101-120 
81-100 


61- 80 


Fig. 11. 


Figs. 11, 12, and 13. These charts show how breeding (1) increases the number of 
high producers, but (2) does not decrease variability; (3) how it increases average flock 
production, though the progeny has lower production on the average than the parents 
of high records selected from previous generations. 


The solid line represents the average production per hen of the progeny and the 
dotted line the average production of the parents, or the dam and sire’s dam. 


In a few cases hens of low production were used as breeders, but 
in those cases they were mated to a sire from a high-production dam. 
As the dotted line in the charts (see Figs. 11, 12, 13) shows the aver- 
age of the parents was high there were few low-record hens used for 


breeding. 
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PREPOTENCY, AND POOR LAYERS FROM GOOD LAYERS 


While high production records of the ancestors did insure, on the 
average, high-producing progeny, there are many exceptions to this. 
Poor layers are sometimes produced by good layers. 

On the other hand, we have had some cases where good layers 
came from poor layers. The most conspicuous example of this was 
the progeny of a Barred Plymouth Rock male D461-2 (Table XLV) 
whose dam and dam’s dam and sire’s dam were poor layers as shown 


White Leghorns. 


| Begs | 1908-09 1909-10 1910-11 1912-13 1914-15 1916-17 1917-18 


301-302 


281-300 
261-280 
241-260 
221-240 
201-220 
181-200 
161-180 
141-160 
121-140 
101-120 
81-100 
61- 80 
41- 60 
21- 40 


1- 20 


Fig. 12. (See note for Fig. 11.) 


on pedigree herewith. When he was mated to a hen with a record of 
119 eggs, a pullet was produced that laid 309 eggs, the highest record 
at this Station. The combined record of the dam and sire’s dam was 
263, or 46 eggs less than the daughter. 


This high capacity was clearly due to the influence of the sire, be- 
cause when he was mated to various other hens, the daughters were 
good producers, 18 of them having complete annual records, averaging 


hy 


221.11 eggs. Of these, 7 were crosses, or Oregons, though the 309-egg 
pullet had a White Leghorn dam. The 7 daughters averaged 270.28, 
the average of the dams was 202.28, of the dams’ dams 209. 

The eleven remaining daughters were from pure’ Barred Plymouth 
Rock dams and they averaged 189.82 with high record of 260. The aver- 
age of the dams was 190.09 and dams’ dams 164.18. 

This male apparently was strongly prepotent. Though from a line 
of poor producers he carried the factor of high production. His female 
ancestors, as far back as of record, had not high productive powers, but 


Oregons. 


1909-10 1910-11 1912-13 1913-14 1914-15 1915-16 1917-16 


501-309 


281-300 
261-280 
241-260 
221-240 
201-220 
181-200 
161-180 
141-160 
21-140 
101-120 
81-100 
61- 80 
41- 60 
21- 40 


1- 20 


Fig. 13. (See note for Fig. 11.) 


through the male they transmitted high fecundity to the offspring. Un- 
fortunately after his breeding characteristics had been discovered he 
would not breed, and there was no progeny except in this one generation. 

It is not clear, so far as we have been able to analyze the records 
of this case, as to whether high prepotency appears in the later progeny 
of the first generation. 

The daily egg record does not show high rate of laying in the dam 
of the 309-egg hen. The highest monthly production was 21 eggs in 
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May and 40 eggs as the best two-months production. The egg record 
of the dam of D461-2, also shows a low rate of laying, or at best a 
medium rate. The highest month was April, 24 eggs, and the best two 
months, April and May, was 48 eggs. In the second year her highest 
production was 22 in March. The dam’s dam of the male with first-year 
record of 74, second year 91, third year 64, shows also low rate. In her 
first year, her best record was 20 eggs in March. 


TABLE XLV. PEDIGREE OF BARRED ROCK MALE D 461-2 AND 
PRODUCTION OF DAUGHTERS AND PEDIGREE OF DAMS 


{ Sire 
(SIN Co a ere sees recess 
| (Dam 207 
SiG 2 Oi eee cece sete eeetee 4 Ist yr: 169 eggs: 
| 2a yr. 127 eggs. 
(Dam A 94 Saya lds ese: 
1st yr. 20 eggs 
Pra Gile7 ees 2d yr. 64 eggs (VD) 
| ( Sire 
Byenenw 1B GUO Ife ee 
Ist yr. 144 eggs. | 
2d yr. 105 eggs. (Dam 66 
3d yr. 127 eggs 1st yr. 74 eggs. 
2d yr. 91 eggs. 
3d yr. 64 eggs. 
4th yr. 64 eggs. 
DAUGHTERS 
Production Dam Eggs - Dam’s Eggs 
No. 1st yr. ist yr: dam ist yr. 
Oregons | 
C584 119 O 34 229 
299 C 5038 207 A 47 205 
284 C518 | 226 A4T | 205 
274 C508 207 Ava © e205 
262 C470 | 211 AAT 205 
241 C 5038 207 A 47 205 
223 C481 | 239 ed, 12) eee 
270.28 } 202.28 | 209 
Barred Rocks | 
260 Cony 186 Ao ee LO. 
219 CaNtG 198 Bi54 | | £94 
192 (Omnis | alley | 66 | 74 
190+ Cris 198 B54 elo d 
188 CG 198 B154 |; 191 
185 COM y/ 186 A 79 219 
183 C1538 abrd7e 66 74 
178+ CRS 198 Bip4 = 19% 
178 CeuLs 198 B 154 ae) 
174 OP 1G 198 B154 191 
141 C153 ie 66 74 
189.82 | 190.09 164.18 
| Both Breeds | 
IN ISSN Tn cin Re pele | @P aI 194.83 | 180 


Neither by the annual record, nor by rate of laying is there any 
proof that the ancestors of this male, so far as we have trap-nest rec- 
ords of them, had high laying capacity. While the ancestors of high 
laying capacity produced, on the average, high laying progeny, and while 
the more immediate parents exercised the greatest influence; in other 
words, while high-record pedigreed breeding stock produced high-record 
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progeny, there are instances such as this, where the production of the 
progeny cannot be aceounted for by the pedigree of production of the 
ancestors, unless it can be explained on the assumption that in a more 
remote ancestor or ancestors, high fecundity or high prepotency may be 
lost apparently and recovered in subsequent generations. 


While the breeder must put his reliance largely upon pedigree of 
production records in selecting his breeding stock, the result secured 
from this male shows that there is another factor to be reckoned with, 
which, in the absence of a more comprehensive definition, may be called 
prepotency. If he wishes to make the most certain progress in increas- 
ing production by breeding, he should not be content to breed the 
best layers to males of the best layers, but he will breed the best breed- 
ers to the best breeders, judging from the egg records of their progeny. 


Our records point out two practical conclusions of first importance 
that must be drawn from these experiments; first, starting with an 
unselected flock of layers, and using each year only those hens with 
high trap-nest records and males from high trap-nested hens, there is 
certain to be an increase in production, always providing that environ- 
mental conditions are equally favorable each year; second, by selecting 
the breeding stock on the basis of the egg record of the progeny, the 
increase may be more certain and rapid. Such males, however, as 
D461-2 are rare, according to our records, and only by testing the 
progeny of a great many sires and dams each year would a breeder be 
likely to find phenomenal individuals. 


The pedigree of this male is given in Table XLV, together with pedi- 
gree of his daughters and record of first year’s production. 


RELATION OF SHORT PERIOD PRODUCTION OR RATE 
OF LAYING TO ANNUAL AND BIENNIAL 
PRODUCTION 


A study of our records shows that there is a pretty accurate cor- 
relation between monthly or bimonthly production and the annual 
record. If it should prove that a short-period record is as good a meas- 
ure of the hen’s inherited capacity as the annual record, then the prob- 
lem is very much simplified. 


Does the rate of laying or the intensity of egg production indicate 
egg-laying capacity? By rate of laying is meant the relative frequency 
that a hen lays in a short period. If the hen lays every day without 
missing a day, for five or six days or more, then misses one day and 
begins again on another long stretch, we say that she has a high rate of 
laying. Another hen that lays one day and misses one, and continues this 
way for an indefinite period, has a iow rate of laying. Our records show 
characteristic differences among hens and the question is, can we pre- 
dict with any degree of accuracy the probable annual production of a 
hen from a monthly or bimonthly study of her records. Environmental 
factors which can not very well be controlled may interfere with the 
hen’s laying her full annual capacity. The longer the period of the 
record, the greater the likelihood that some disturbing factors will 
interfere with production. 
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The records are conclusive in showing that egg production may be 
increased by selective breeding, based on the annual trap-nest records. 
The increase is such that it could hardly be ascribed to possible changes 
in environmental conditions of different years. The same feeding system 
was used throughout all the years, with some minor changes in the 
ration. The same housing was used. The same size of yard and flocks 
was maintained. In fact the conditions, on the whole, were more favor- 
able in the first year than in later years, so far as regards housing and 
soil. In the first year they were new and the yards were fresh and 
clean, though later differences were minimized as much as possible by 
rotation and cultivation of yards and by disinfection of the houses. 

While the annual trap-nest record of the pullets is undoubtedly the 
best measure of a hen’s laying capacity, under favorable conditions, it 
is not always the best, because of the difficulty of controlling the environ- 
ment. If we select for breeding a hen that has made a record of 300 
eggs a year, her record would indicate that her environment was favor- 
able. If her daughters averaged 300 eggs we might fairly conclude that 
they inherited the capacity of the dam, and that they were kept under 
favorable environment. If, however, they averaged 150 eggs it might 
be that they inherited low production, but on the other hand, it might 
be that they had equal laying capacity with the dam, but through un- 
favorable conditions of environment their year’s record did not represent 
their capacity. 

In a shorter period, possibly, the real laying capacity of the hen 
may be better shown. An attempt has been made in Tables XLVI, 
XLVII and XLVIII to correlate the shorter-period records, in this case 
the best two-month records in the year, with the annual record. 
Spring is the season of maximum production. It is the natural laying 
season, and it is reasonable to expect that the full capacity of the hen 
can only be secured when the conditions for production are at their 
best. The question then is, does the hen that lays ten or twelve months 
of the year, lay more eggs than the hen that lays only in the spring 
months? Is it true that the hen that lays heaviest in the spring months 
does this because she started late and discontinued early? In other 
words, does a moderate layer do better in the spring than a good layer? 
Is it true that the hen that lays heavily in the spring does so because 
she has been reserving her energy for spring production, and is able to 
beat the long-distance rival in the short period? 


BEST LAYERS BEST IN ALL MONTHS 


The records show conclusively that the best layers throughout the 
year lay the largest number of eggs in the spring or any other season. 
The poor layer is relatively poor in any month of the year, though she 
lays a larger percentage of her eggs in the spring months than the 
good layer. 

With a correlation established between the spring months or the 
best two-months production of the hen, and the annual record, we can 
predict with some accuracy from the best two-months production what 
the production should be for the year. The production for the best 
two months affords a good basis for judging the capacity for the hen. 
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It may happen, however, and it is shown in our records, that a hen 
with high spring production does not make a high annual record due to 
unfavorable conditions. These conditions may be weather changes, mis- 
takes in feeding or care, diseases, broodiness, lack of vigor, and other 
things. Such a hen, judged by the annual record is classed as a poor 
layer, when in point of fact, she has high egg-laying capacity, judged 
by a shorter period, and in breeding may be as valuable as the hen 
with the high annual record, as a breeder producing possibly as good 
layers as the high annual-record hen. 


This may explain in part, why good layers are frequently produced 
by hens with low annual records. 


The best two months are usually March and April, and April and 
May, though other months occasionally show the highest records. 


VIGOR 


Another factor that comes into the problem is that of vigor. It is 
assumed that the hen must have good vigor to stand the strain of heavy 
production for a year, so that any method of breeding that increases 
vigor should increase production. It might be a question then whether 
the increase in production secured by breeding from selected high pro- 
ducers did not primarily come from inherited vigor. That is another 
problem. 

It has been shown by Doctor Pearl (Maine bulletin 205, Nov. 1912) 
that poor layers as well as good layers have more eggs or oocytes in the 
ovary than they have ever been known to lay, and that poor layers 
inherited the eggs or oocytes apparently in as great numbers as the 
good layers so that the inheritance of high fecundity is not a question 
of inheriting a great number of eggs, but rather a question of: inherited 
capacity to lay them. 

Our records show a large increase in production by breeding from 
high producers, and that the increase came by inheritance, but it would 
appear that it was rather ability to lay that was inherited than that 
eggs were inherited. If this ability to lay means greater vigor, is it 
possible to measure laying vigor by a study of our records? Vigor or 
lack of vigor is often evident to the eye, but not always. Very fre- 
quently the hen having all the evidences of good health and vigor does 
not show it in her egg record. If long-continued production indicates 
vigor, then it is easy to select for vigor by selecting hens with the longest 
productive period. Our records, however, show in many cases long 
production with medium low records. In these cases the records show 
that the hen would lay one day and miss the next or lay two days in 
succession and miss the third. In other words, the rate of laying was 
low. On the other hand, a high producer misses fewer days in the 
month and may lay four or five days in succession, and even many days 
before missing. That is a high rate of laying or intense production. 
Both hens are comparatively long layers. The records show another 
class of layers, the very poorest. This class shows a low rate of laying, 
and short-period production. In the first case the hen has vigor, but 
has not the inherited ability to lay many eggs, whatever that ability 
may be. But with the vigor she makes a medium good layer or medium 
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poor layer. In the second case the hen has both high vigor and in- 
herited ability to lay, as shown by her high rate of laying, as well as 
long period of high production. In the last case the hen has low vigor 
as well as low ability to lay, as shown by her low rate of laying and 
her short-period production. 
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Four Types of Layers. Laying hens may be divided into four dis- 
tinct types, so far as their yearly trap-nest records show, as follows: 

(1) The daily record of the hen of the first type shows that she 
starts early in the year and continues late at the latter part of the lay- 
ing year. Her rate of laying is high. That is, she will miss compara- 
tively few days. She may lay four or five or more days and miss one day, 
and may lay sometimes a week or two weeks without a break, and her 
annual record will be 200 eggs or more, depending upon how many days 
in succession she usually lays. This hen has high fecundity plus high 
vigor. 


(2) The second type of hen may lay 150 eggs distributed over a 
comparatively long period, but her rate of laying is low. She may lay 
one or two days and miss one and continue in that way. She has not 
high capacity as shown by her low rate of production and her low 
best two months, but she has vigor, as shown by her steady or consistent 
laying. This hen has low fecundity plus vigor. 


(3) The third type of hen shows a high rate of laying in the best 
two months but in the later months of the year she shows either a 
diminished rate of laying or she discontinues altogether. She may lay 
150 or she may not lay 100. This hen has inherited high fecundity but 
lacks vigor. 


(4) The fourth type of hen begins to lay late, possibly two months 
after the first hen started, and stops early in the year. Her laying year 
is short at both ends, and her rate of laying is also low. Her best two- 
months record is low. She has poor laying capacity and low vigor. 

The reproduction in Figs. 14 to 17 of the actual daily records of 
hens illustrates the four different types. 
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; _Fig. 14. Daily record of C521 showing high rate of laying through twelve months, 
dndicgng: (1) inherited high laying capacity, (2) good vigor, and (3) favorable en- 
vironment. 
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Fig. 15. Daily record of B15 showing low rate, but consistent laying throughout 


thé year, indicating (1) poor laying capacity, (2) good vigor, (3) favorable en- 
vironment. Note Figs. 18 and 19, giving record of sister and dam indicating inherited 


low rate of laying. 
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Fig. 16. Daily record of D181 showing high rate of laying for short period, in- 
dicating (1) inherited good laying capacity; (2) poor vigor. 
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Fig. 17. Daily record of J765, showing low rate, late laying maturity, inconsistent 
laying, early quitting at end of year, indicating poor laying eapacity and poor vigor. 
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RATE OF LAYING INHERITED 


Evidence that rate of laying is inherited is furnished by the daily 
record of B10, sister of B15, both showing same characteristic laying as 
their dam 47. The records of B10 and 47 are shown in Figs. 18 and 19. 

Fig. 20 shows record of hen of very high capacity inherited from 
ancestors, but through a break in her record due to some unfavorable 
environment, including molting, her record does not indicate her full 
capacity. 
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Fig. 18. Daily record of B10, almost a complete duplicate of the record of her 
full sister B15. Poor laying capacity, but good vigor. 
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Fig. 19. Daily record of 47, showing same characteristic rate 

of laying as that of 
her daughters B10 and B15, indicating transmission of low rate of levine and toed 
vigor. i 
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BEST TWO-MONTHS PRODUCTION AND LAYING CAPACITY 


In Table XXXVI, Barred Plymouth Rocks, it is shown that from 
the first year to the last of the experiment there is a decided increase 
in the best two-months production. In other words the rate of laying, 
as well as the annual production, has been increased, though it will be 
noticed that on a percentage basis the rate of laying did not increase 
as much as the annual production. The fact that the best two-months 
production and the rate of laying increased on the average is corrobora- 
tive evidence when taken in connection with the increase shown by the 
annual production, that the increase came by inheritance. The other 
fact that the best two-months production did not increase as much as the 
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Fig. 20. Daily record of F808, granddaughter of C521, showing high rate of lay- 
ing, but unfavorable environmental conditions part of the year. Her high egg-laying 
capacity is indicated (1) by her early laying maturity, (2) high rate of laying, (3) heavy 
laying at the end of the year. Her rate of laying would indicate that this hen had a 
capacity of about 300 eggs. Her record was 262 in the first twelve months of laying. 
Her sire’s dam laid 291, dam 254, dam’s dam 303. 


annual record, would appear to be strong evidence that the environmental 
conditions under which the flocks were kept for the different years were 
fairly well controlled. Table LXI shows that on a percentage basis there 
is less difference between good and poor layers in the spring months 
than in other months. If the percentage increase in production showed 
as high for the best two months as for the year, it would then appear 
that the environmental conditions were not under proper control, and 
were such that the flocks did not lay throughout the year approximately 
their full capacity. 

On the other hand, when the annual production is high, and the 
maximum bimonthly production, though high, shows a smaller per- 
centage increase from low to high month than in cases where the annual 
production is low, it would appear evident that the conditions were 
favorable throughout the year. 

It will be noted from the summary of the Barred Plymouth Rock for 
different years (Table XXXVI) that the average of the best two-months 
production of all years and flocks is 42.25 eggs a hen. In the first year 
the average of the 92 hens was 31.29 eggs a hen. In the last year the 
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average of 62 hens was 47.19 eggs a hen. In the first year the annual 
production was 86.14 and in the last year 214.63. The increase in the 
annual flock record was 149.16 percent and in the best two months the 
increase was 50.8 percent. If we take the second year 1909-10 as a 
starting point, the increase in annual production is 77.85 percent, while 
the best two-months increase is 39.08 percent. 

The best two months are, on the average, March and April. In 
case of individual hens, however, the best two months may be April and 
May, or May and June. The average for all the flock for best two 
months, as shown by the table, is 42.25 eggs a hen, while the average for 
March and April is 38.15 eggs a hen. 


TABLE XLIX. PERCENTAGES BEST TWO-MONTHS PRODUCTION 
BARRED PLYMOUTH ROCKS 


Year | Above 55 | 51-55 46-50 41-45 86-40 | 31-35 | Below 31 
lc | panne 7.6 11.96 10.87 18.48 | 51.09 
Brees el ee eo ons 17.86 21.43 28.57 32.14 
Go |) Says 11.9 80.95 | 28.57 16.67 9.52 
1.85 13.88 iby ey | BRIS 13.88 | 3.7 1.85 
4.85 26.21 33.01 20 39 eet 5.83 1.94 
9.86 12.68 | 29.58 30.99 14.08 492 Se ce ae 
18.18 36.36 Deo 1S Seer eee eee peta 
Crab 2742 S3ESi 22.58 6.45 302970 | eee 


Table XLIX shows by percentages the increase in the best two 
months for the different years in the case of Barred Plymouth Rocks. 
It is seen that in the first two years, none of the hens in the flock laid 
more than 50 eggs in the best two months, and. only 7.6 percent of the 
flocks of 1908-09 laid more than 45 eggs, while better than 51 percent 
of them laid fewer than 30 eggs in the best two months. In the 
first year of the pedigreed stock 1.85 percent of them laid more than 
55 eggs in the best two months, 13.88 percent laid between 50 and 55 
eggs, 31.48 percent laid between 45 and 50 eggs, and only 1.85 percent 
of the flock laid fewer than 30 eggs in the best two months. There 
was the same percentage above 55 as below 380 in the last year’s flock. 
In the rest of the years there is an increasing number in the high 
columns’ except in the last year, 1917-18. The explanation for this latter 
fact possibly is because this flock may have been in some respects under 
slightly more favorable conditions than those of the previous years. If 
conditions are favorable throughout the year there might be a slight 
decrease in the high months, if in the low months the production was 
unusually high. This was true of the 1917-18 flock. Their production in 
the low months was higher than that of the flocks of previous years. 

If a good layer is not pushed, or for some other reason she does not 
lay her full capacity in the winter months, the presumption is that if she 
is in good physical condition she will lay a greater number of eggs in 
the spring months than she would otherwise. This does not alter the 
fact, however, that the poor or unselected layers in the first two years 
did not lay heavily in the season of maximum production, even though 
their winter production was also low. 

There can be no other explanation of the showing made from the 
Barred Plymouth Rocks in this table, in connection with the record of 
annual production, except the fact of transmission of high fecundity. 


7| 


In the case of the White Leghorns, the rate of laying is represented 
by 44.76 eggs a hen fer the best two months for all the years, or 32.54 
in the first year, and 48.16 in the last year, an increase of 48 percent, 
while the increase in the annual production is 98.72 percent. 

If the hens are placed in different groups, according to the number 
of eggs they lay in the best two months, we find that there is, as in the 
case of the Barred Plymouth Rocks, a steady increase in the number of 
hens in the high groups. In the first two years of unselected .or non- 
pedigreed stock, none of the hens laid more than fifty eggs in the best 
two months. Only 2 percent of them laid 46 to 50 eggs, inclusive, while 
32 percent of them laid 30 eggs or less. In the first year of the pedigreed 


TABLE L. PERCENTAGES BEST TWO-MONTHS PRODUCTION 
WHITE LEGHORNS 


Year Above 55 | 51-55 | 46-50 | 41-45 | 36-40 | 31-35 | Below 31 
= = “ = | 
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TABLE LI. PERCENTAGES BEST TWO-MONTHS PRODUCTION 


OREGONS 
Year | Above 55 51-55 | 46-50 | 41-45 | 36-40 | 31-35 | Below 31 
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stock, 1912-13, 42.86 percent laid 51 to 55 eggs inclusive, and none 
laid fewer than 36 eggs. In the last three years a fair percentage of 
them laid above 55 eggs. Practically none of the pedigreed stock in all 
the years laid fewer than 31 eggs, while a large percentage of them in 
the unselected flock laid fewer than 31. 

In rate of laying the Oregons show an increase in best two months 
between the first cross and the last of 58.05 percent. 

In the percentage table (LI) where the flocks of each year are 
grouped according to best two-months production, we find that there 
were no hens in the flock of non-pedigreed stock, that laid more than 
50 eggs in the best two months during the first two years. Only 1.59 per- 
cent of the first generation of crosses laid more than 45 in the best two 
months while 39.68 percent laid between 31 and 35 inclusive and 31.75 
percent laid 30 eggs or less. Practically none of the pedigreed stock 
laid fewer than 36 eggs as their best two-months production, while in 
the first year of pedigreed stock, 20 percent of the flock laid more than 
55 eggs and 15 percent laid between 51 and 55 eggs inclusive. In the 
last year more than 60 percent of the flock laid above 50 eggs a hen in 


the best two months. 
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The same general result was secured with Barred Plymouth Rocks, 
White Leghorns, and Oregons; namely, an increase in the egg-laying 
capacity of the hen, as judged by her record in the season of maximum 
production when the environmental factors are most favorable for de- 
termining her full capacity. It would appear that the characteristic 
of high rate of laying is inherited along with high annual production. 


Culling Practice. An accurate culling practice may be based upon 
these findings. A low record for two months shows that the hen has 
low capacity and will make a low annual record. If the poultryman 
trap-nests his flock, he may discard or market all hens that do not lay 
more than 85 eggs in the best two months. 

Table LII has been prepared to show what would be the result if 
from the 517 Barred Rock hens averaging 158.57 eggs a year we had 
culled out all hens that laid fewer than 36 eggs in the best two-months 
production. Of the total, 402 laid more than 35 eggs a hen in the best 
two months and averaged 179.75 eggs a hen. The remainder, or 115, 
laid 85 eggs or less in the best two months, with an average annual 
record of 84.53 eggs a hen. Among these, however, there were 7 hens 
that laid more than the average annual production of those in the 
higher group that laid 36 to 40 eggs. In other words, in culling out the 
115 hens there was an accuracy of 93.91 percent. This is assuming that 
the hen of poor laying capacity is indicated by production of 35 eggs or 
less in the best two months. 

If the White Leghorns were culled in the same way there is an 
accuracy of 97.96 percent. In other words, there were 49 culls in 386 
hens, and 1 of the 49 laying fewer than 36 eggs in the best two months 
laid more in the year than the average of the 36 to 40 group. The 49 
culls averaged for the year 77.08 eggs. 


TABLE LII. PRODUCTION OF HENS LAYING 36 EGGS OR MORE AND 35 
_ EGGS OR LESS IN BEST TWO MONTHS. BARRED PLYMOUTH ROCKS 


| Hens laying | ies ¢ 

z Hens | less than 36 but Bes 

No laying | more than an- Average | 49 9 

Yard Year hens | Annual less |nual production | Per cent | produc: | @=@ 

gore Average | than | of group 36-40 | Accuracy | tion of | ¥ ae 
3s 3 ee ee culls of 

se No Annual 228 

* | Average « 
4 and 5 | 1908-09 28 119.14 64 1 153.00 | 98.44 66.72 22 
6 1909-10 11 142.09 17 1 179.00 94.12 101.82 5 
1910-11 31 182.45 11 2 166.50 81.82 103.55 2 
1912-13 36 181.25 2 OR eee 100.00 46.00 7 
-| 1912-13 35 179.91 2 1 | 149.00 50.00 134.00 4 
1912-13 31 174.84 2 (OR i tecssecerees 100.00 123.00 5 
1913-14 49 181.49 3 2 158.00 66.67 | 134.00 6 
1913-14 46 174.15 5 OA Se ee 100.00 125.80 9 
1914-15 31 179.74 | 2 Oa etre eee 100.00 124.00 5 
| 1914-15 37 185.38 | 1 0) A eee | 100.00 135.00 i 
1916-17 11 194.45 0 UMM lip © Soa Bren I 1.0:0:.0 ON ee ceeese 0 
1917-18 | 56 214.07 6 Orie, eeeseeetes 100.00 93.50 2 
402 179.75 115 7 161.43 93.91 84.53 74 


With the Oregons the percentage of accuracy was 92.06. In 349 
hens, 63 were culled out; and of these 5 averaged 165.4 eggs, which was 


more than the average of the group laying 36 to 40 eggs. The average 
of the culls was 117.78 eggs. 
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Of the total of the three breeds, 1252 hens, there were 227 culls 
and only 13 of them laid above the average of the higher group. 

If culling is done on the basis of egg-laying capacity and if egg- 
laying capacity is accurately determined by rate of laying, or the best 
two-months production, an accurate system of culling is indicated by 
the results of these experiments. 


TABLE LIIl. PRODUCTION OF HENS LAYING 36 EGGS OR MORE AND 35 
EGGS OR LESS IN BEST TWO MONTHS. WHITE LEGHORNS. 


| wa = 7 amas} a u 

| Hens laying | os & 

Hens | less than 36 but E soa 

No. laying | more thanan- | Average |". 13 ¥ 

Yard | Year hens | Annual less | nual production | Per cent | produc. |@7 4 

| | above Average than of group 36-40 | Accuracy tion of | Ye va 

| 35 36 a | | culls | Qos 

‘Annual ju & 

| NIC Average | [2 3 
Meany) 1908-09) 23 | ise7s | 27 1 o | 120. feos 78.33 | 8 
9 1909-10 | 9 157.56 | Dita |h Oia Mereeeeee ant ane ey 65.00 2 
ile 1910-11 ty ll allgeeshsn be) 2 Oa 110.50 2 
9. 1912-13| 14 | 207.86 (moet eraaihets cee tl ee a 1 
3... 1914-15; 16 | 227.00 0 OUR ite ceeee cee. weal Ek ee Seer | OC eee 0 
Ox 1914-15 41 215.61 i On 100.00 2 
PS 1916-17 49 | 187.55 0 Ol cet Geen | Reve doco 4 
Qe tol b= 1.0) 52 LG. 910 5 1 80.00 96.40 11 
115) reece || QTE tieg |) esi |) PESKIN | 0 ah || aise aces a ee le eae 0 

Hee 2) OETA 18 "| 59 221.53 | 1 0 23.00 iba 
G 1917-18 | 55 | 202.24 1 0 56.00 | 2 

Total ; | i | | Ta i [ : 
Averages............ | 337 | 196.93 49 | 1 | 136.00 97.96 77.08 | 33 


TABLE LIV. PRODUCTION OF HENS LAYING 386 EGGS OR MORE AND 


35 EGGS OR LESS IN BEST TWO MONTHS. OREGONS. 
Hens laying | |Bo & 
| Hens | less than 36 but |2s 
No. | laying | more than an- Average 0% @ 
Yard | Year hens Annual less {nual production | Per cent produc- | pens 
above | Average | than | of group 36-4) | Accuracy| tionof | 32 4 
| 35 36 |—_— | culls) S22 
= nnua edi. 
ates Average Wek 
(Eee _ 1909-10 7 167.43 | 26 2 92.32 | | 3 
yo eetoee I LIMES) | ail 168.45 19) > |e 94.74 3 
eee LOMO SAL pore, \ UIE 4) al 2 86.67 6 
Ome | TOR 213 i) 224.53 1 0 100.00 1 
E.. = } 1913-14 49 216.47 | 0 0 100.00 | 3 
4.. -- | 1914-15 10 246.00 0 0 100.00 0 
5. WLOM4= Tha 108 197,00) 01) 0 100.00 | 1 
6_ -.| 1914-15 Aaa ee Ziel ra 0 0 100.00 | | 3 
Sez 11914-15| 56 | 220.96 | 2 0 100.00 | | 5 
LG meee ee LOD — LG 13 234.38 | 0 0 100.00 | ie eal 
ee err LON ils 12 | 243.338 0 0 100.00 1 
1s ees | 1917-18 63 | 224.38 Omaa0 100.00 | | 1 
Total | | 
Averages........---- 286 | 215.16 63 | 5 SPO || abner |) ae 


This does not mean, however, that these 227 culls represent all the 
hens in the flock that made poor annual records. We have found that 
there is a strong correlation between the best two-months production 
and the annual record, but that there are exceptions to this rule. There 
are individual hens with high rate of laying that make a more or less 
poor annual record, and the probable explanation is that environmental 
conditions in some way interfered with their laying their full capacity 
during the year. In such cases the hen probably has good laying ca- 
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pacity but does not show it in an annual record, and she may be a good 
breeder of good producers. 

To show, however, how many hens were left in the flock laying more 
than 35 eggs in the best two months, but less than the average annual 
production of the next higher group laying 36 to 40 eggs, a count has 
been made. This shows that there were 74 of these among the Barred 
Rocks, 33 in the Leghorns, and 27 in the Oregons, a total of 134. 

If the flocks were culled by the annual trap-nest record of each hen, 
there would have been culled out at the end of the year 348 hens, and of 
these 134 were probably .of good laying capacity. That is, of the 348 
culled out, 134 made a low annual record, but had good laying capacity, 
judged by their best two months. 

If, however, the flocks were trap-nested only in the season of maxi- 
mum production, and all that showed a low rate of laying were culled 
out, according to these results the culling would show an accuracy of 
over 90 percent. Practically all of the hens of poor laying capacity, 
judged by low rate of laying, would be culled out. 


Conclusions. Intensity of production, or high rate of laying, in any 
two months of the year is a fairly accurate measure of the hen’s laying 
capacity, and is a valuable check on the annual record in studying the 
effect of selective breeding. 

The best two-months record as a means of predicting what the 
annual record will be is accurate within a certain range. Our records 
show many hens with high best-two-months production, but with low 
annual production. This is due to other factors and not to inherited 
laying capacity. The hen may inherit high laying capacity or high 
fecundity, but other factors will prevent her making a high annual 
record, though in a short period or in her best two months, she may 
make a high record, indicating high fecundity. 

The hen may inherit high fecundity, and may make a high record 
part of the year, including a high March and April record, but she con- 
tracts disease that reduces her production, so that her annual record 
does not represent her full inherited capacity. She may go broody or 
may go into a moult, preventing her making a high annual record, 
though short period production may be high. She may not inherit high 
vigor and at the latter part of the year break under the strain. of high 
production, though her best two-months production may be high and 
represent her inherited laying capacity better than her annual record. 

The writer believes that this distinction between vigor and inherited 
egg-laying capacity should be made in studying breeding records. It 
should also be considered in selecting breeding stock for breeding ex- 
periments. It may happen that in breeding from and for low producers 
the progeny are high producers, because the selection was made by the 
annual record instead of the short-period production. In selecting breed- 
ing stock, as good progeny may be secured from a hen with a record of 
150 eggs as from one of 250 eggs, if in each case they show equally 
high production in the high production period. 

The annual record of the hen does not indicate always her inherited 
laying capacity, and therefore, does not always indicate her breeding 
capacity. A hen with a poor annual record may have inherited high 
capacity and may be a good breeder of high producers, and the short- 
period production is the best explanation of this fact. 
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RATE OF LAYING AND CHEMICAL COMPOSITION OF THE EGG 
* (Preliminary Report) 


In so far as ordinary food analyses are concerned, hen’s eggs are 
of strikingly uniform quality. It might be expected, however, that the 
individual variations which have been shown to be extremely great in 
number of eggs laid, would extend in some way or in some measure to 
the quality of the eggs. It is known that there are some differences in 
the keeping quality of the eggs and considerable differences in the hatch- 
ing quality as well as in quality or vigor in the chicks hatched. 

The investigations reported herewith had to do with the relation 
between rate of laying, or the intensity of production, and the fat 
content of the eggs. Some important preliminary work was done in 
1920 by Mary Vernon Skelton as a basis for thesis work for a Master’s 
degree in Home Economics, on “The Fat Content of Eggs of Good and 
Poor Layers.” The question, however, of whether the hens had high or 
low annual record was not involved. A good layer in this case was one 
with high rate of laying, as shown by her egg record for several weeks 
preceding the collection of eggs for analyses, and the poor layer was 
one of comparatively poor rate of laying. In point of fact all the hens 
used in this experiment were of high annual record. They were all hens 
that had concluded at least one year’s laying and some of them several 
years. A record of their production for eight weeks ending April 17, 
1920, together with total number of eggs laid in their first or pullet 
year is shown below. The eggs used for analysis were laid between 
April 19 and May 14. 


EGG RECORD OF HENS USED IN EXPERIMENT 


Poor Produeers—Low Rate of Laying 


Hen number Annual record Eight weeks record 
F 281 268 25 
F 281 268 25 
E 285 234 25 
E 229 241 32 
G 529 231 28 
H 66 203 31 
I 196 256 31 
I 198 248 30 
H 200 242 33 
E 260 249 35 


Good Producers—High Rate of Laying 


Hen number Annual record Eight weeks record 
F 554 234 AT 
H 581 213 44 
I 790 204 44 
H 253 246 45 
H 91 182 41 
HeoS am epee RE oo PP eee 45 
G 512 238 38 
Te A02Eae 6 ew a we Pet 42 


It will be noted that in two places the annual egg record is not 
given. These hens were not trap-nested in the first year, but were from 
high-producing strain and made a good second-year record. It will also 
be noted that the low-rate layers were not especially poor, but made a 
normal production in the eight weeks. The good producers made more 
than normal production. 
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While a sufficient number of analyses have not yet been made, the 
results seem to show a possible relation between rate of laying and 
quality of the eggs, which in this case is the fat content. The following 
shows the percentage of ether extract (Fat) to entire egg for the 
three breeds. 


Breed High rate or good producers Low rate or poor producers 
Barred Plymouth Rocks 9.9015 13.3111 
Oregons 10.4624 11.8718 
Leghorns 10.6819 10.6749 
Percent of ether extract to yolk: 
a % %o 
Barred Plymouth Rocks 29.4332 33.7508 
Oregons 28.5055 31.0077 
Leghorns 27.9141 28.4035 


The analyses show that the Plymouth Rock eggs had the highest 
percentage of fat, the Oregons second, and the Leghorns third. The dif- 
ference is small and probably without significance. It may be, however, 
that the hen with the largest supply of body fat is best able to main- 
tain the fat content of the egg through a prolonged and heavy laying 
period, assuming that the fat of the eggs comes in a measure from 
the reserve fat of the body of the hen. 

The results, however, seem to indicate some relation between rate 
of laying and the fat content of the egg. The amount of fat in the egg 
appears to be a variable factor, depending to some extent upon the rate 
of laying. It is another problem whether the food has any direct rela- 
tion to the fat content of the egg. Final conclusions, however, cannot 
be drawn until further investigations have been made. 

There was no question involved in these experiments as to good 
and poor layers. The hens used were all good layers, or had made 
high annual records in the previous year or years, but during the experi- 
ment some of them were laying slowly, or at a low rate, while others 
were laying heavily, and they were divided into two groups on this basis. - 


BIMONTHLY PRODUCTION IN RELATION TO 
ANNUAL PRODUCTION 


The best layers as shown by their annual records were the best 
layers throughout the year. There are individual exceptions, but by 
grouping all the hens together, according to annual production, and 
averaging the groups, the results are very conclusive. The notion that 
poor layers lay well or as well as the good layers in the spring season, 
or season of maximum production, is clearly disproved. Not only are 
the poor layers poor at the beginning and end of the year, but they 
are poor at the middle, or the favorable season of production. 

For the purpose of this study all the hens have been put into five 
groups: The first group laying 251 to 300 plus in the first laying year, 
the second 201 to 250 inclusive, the third 151 to 200, the fourth 101 to 
150, the fifth 1 to 100 inclusive. The production has been summarized 
in bimonthly periods, beginning November and ending October. The 
total production within these periods or months does not always equal 
the total annual production, because the annual-production record dates 
from the date of the first egg, and the first egg may be laid at different 
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times, sometimes in October or September, while others may not start 
until December or January, and the end of the laying year varies accord- 
ingly. The total production for the first year, as shown in the table, is 
the production for the twelve months of laying, beginning with the first 
egg. For this tabulation we have used the calendar year to show the 
distribution of production by bimonthly periods. 


TABLE LV. BIMONTHLY PRODUCTION PER HEN. BARRED 
PLYMOUTH ROCKS 


Average per hen 
|. INKox - — - - — — 
Group | hens Nov. Jan: March May July Sept. | First 
Dec. Feb. April | June | Aug. | Oct. | year 
le = : ‘ : : = — 
251-300 | 12 22.66 ANE ||) By6}577155 48.33 44.75 EA Bty | PAN 
201-250 113 16.62 35.99 46.91 41.71 37.05 32.49 219.15 
151-200 193 | {eet | 28.62 42.64 37.41 31.43 22.51 a ley Narr 
101-150 109 | 3.34 | 17.64 34.39 30.41 | 23.67 13.06 128.28 
1-100 90 1.04 6.19 20.10 15.17 | 14.04 4.12 66.27 
Mean Laya lizg ROM 24.31 38.16 38.25 28.01 19.99 158.57 


TABLE LVI. BIMONTHLY PRODUCTION PER HEN. WHITE 


LEGHORNS 
| Average per hen 
No. 3 eel : 

Group | hens Nov. Jan, March | May July | Sept. First 
Dec. Feb. April ; June Aug. Oct. | year 
|r eon ae eae | 

251-300, Bie 32.97 AV45 | 51.94 | 47.09 46.42 | 38.21 | 266.78 

201-250| 137 26.82 35.87 47.02 | 43.22 | 38.74 27.92 224.638 

151-200 | a Ly 13.88 25.64 | 42.75 39.02) | 29.93 19.64 176.77 

101-150 | 64 Gch Pe HELI Baa | Balok 21.28 | 9.36 | 128.06 

1-100 | 40 | 1.65 | 7.10 20:15 | 16.95 12.60 | 4.32 | 64.20 

Mean | 386| 17.60 27.54 aay 37.70 31.24 20.88 | 181.71 


TABLE LVII. BIMONTHLY PRODUCTION PER HEN. OREGONS 


re Average per hen 
oO. — — —= — ea = 
Group | hens Nov. Jan. March May | July | Sept  auirst 
Dec. Feb. April Dine yeAUS sl OCt mimycar 
251-300 | 64 28.28 41.85 52.35 50.56 45.89 | 41.43 | 269.67 
201-250; 118 18.37 34.06 46.77 44,46 | 41.27 | 32.85 | 224.53 
151-200 | 99 isiyesh |) -Papleske 40.05 BOscan |i  ekhse! | 22.29 176.47 
101-150 52 6.48 | 20.80 — 27.96. 27.26 | 22.11 14.42 | 126.52 
1-100 | 16 3.56 16.12 20.06 12.62 | 12.00 6.12, | 72206 
Mean) 349 16.45 30.79 41.86 39.23 34.93 | 27.46 |) 1958 


The average bimonthly production of the Barred Plymouth Rocks is 
given by groups in Table LV (see also Fig. 21). Among the 517 hens 
involved there were 12 with records above 250 eggs in the year; 113 
averaged 201 to 250; 193 averaged 151 to 200; 109 averaged 101 to 150; 
and 90 averaged 1 to 100. The actual average production in the laying 
year is shown in the last column of the table. The annual production, 
however, as given is not the total of the bimonthly production in the 
table because the annual production of all our hens is figured, as already 
explained, from the date of the first egg to the end of the first twelve 
months. 
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The significant point in this summary is that the highest group has 
the highest average in any two months in the year beginning with 
November and December, and that there is a gradual decrease in 
bimonthly production as the annual production decreases. 

There is a greater difference between good and poor layers in 
November and December than in any other two months figured on a 
percentage basis. For example, the average November and December 
production of highest group was 22.66 eggs a hen, while the production of 
the lowest group was 1.04 eggs, an actual difference of 21.62 eggs a 
hen. In March and April when all the groups lay the best there is an 
actual difference in the yield between the highest and lowest group of 
33.15 eggs. Figured on a percentage basis, however, the increase from 
the lowest to the highest or the decrease from the highest to the lowest 
is greater in November and December than in any other two months. 


Nov. van. Mar May July. Sept 
Dec. Feb. Apr June Aug Oct 


Annual 
Averages 


269.17 
40 


) 
¥ 2/915 
9 
Q 
RS 176.37 
5 WSB.I7 
128.28 
Bi ~Menthly Production 66.27 
| Berred Plymouth Rocks 
| =k 
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Fig. 21. Average bimonthly production of Plymouth Rock pullets, showing cor- 
relation between short-period production and annual production. 


The relative values of good and poor layers are probably best 
shown by proportion or in ratio of production of birds in high groups 
to other groups. From Table LVIII it is seen that one hen in the highest 
group laid as many eggs in November and December as 21.79 hens 
in the lowest group, or 2.89 hens in the middle group. In March and 
April one hen in the highest group laid as many as 2.65 hens in the 
lowest group and 1.25 hens in middle group. In the last two months, 
September and October, the highest group averaged as many eggs per 
hen as 10.62 hens in the lowest group. Taking the annual average it 
required 4.06 hens or 4 times as many in the lowest group to lay as many 
eggs as 1 hen in the highest group. In the second lowest group, laying 
100 to 150 eggs, it required 2.1 hens or double the number, to produce 
aS many eggs in a year as the average hen in the first group averaging 
250 to 300 eggs. 

A summary of the bimonthly production of the White Leghorns is 
given in Table LVI (see also Fig. 22). In the highest group there were 
33 hens that averaged 32.97 eggs a hen in November and December and 
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51.94 eggs in March and April. In the lowest group, laying fewer than 
100 eggs, the production was only 1.65 eggs a hen in November and 
December and 20.15 eggs in March and April. At the-end of the year 
or in the months of September and October the highest’ group averaged 
38.21 eggs and the lowest 4.32 eggs. 


TABLE LVIII. SHOWING PROPORTION BETWEEN PRODUCTION OF 
HENS IN HIGHEST GROUP AND THOSE IN EACH OTHER 
*ROUP. BARRED PLYMOUTH ROCKS 


No. | Nov. Jan. March | May | July | Sept. First 
Group | hens IDE: |) IRB ¢): April June | Aug. | Oct. | year 
L risen ee 2 is L a 
251-300 12 1 ar. 1 | tee pee ce erin) yd 1 
201-250) 113 UeeME | Talal Tg | a || RG, ane 1.23 
151-200 193 2804 1.44 1.25 1.29 1.42 1°95 1.53 
101-150 109 6.78 | 2.34 1.55 | 1.59 ¥.89 3.35 2.10 
I eexss 3.19 319 | 10.62 | 4.08 


1-100 | 90 PANBTES) 2.65 


There is a gradual and consistent decline in the number of eggs 
laid in different periods. This decline follows closely the decline in 
annual production. The fact stands out here that the best layers in 
the year are the best at any season of the year, even in March and April, 
the season of maximum production. While the difference in the egg yield 
in November and December and that of March and April between the 
highest group and the lowest is practically the same, the percentage 
difference is less in March and April than in November and December. 
In either period the low group could be culled out either in November 
and December or in March and April. 


Nov. Jan. Mar May July Sepr 
es Feb Apr 2 Aug Oct 
50 
Annual 
Averages 
40 
266.78. 
g 
8 30 
4 224.65. 
6 
g 181.71 
ly’ 20 1%E77 
Ke 128.06 
Bi-Monthly Production 6420 
White Leghorns. 


fo} 
Fig. 22. Average bimonthly production of White Leghorn pullets, showing cor- 
relation between short-period production and annual production. 


The relative value of hens of the different groups at different periods 
is better shown in Table LIX. For example, among the group of hens 
that laid 251 to 300 eggs in the year, one hen laid as many eggs in 
November and December as 19.98 hens in the lowest group averaged in 
the same month. In other words, 33 hens in the highest group laid 
1088 eggs in November and December, while 40 hens in the low group 
laid only 66 eggs in the same time. So in other groups. Hen values 
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TABLE LIX. SHOWING PROPORTION BETWEEN PRODUCTION OF 
HENS IN HIGHEST GROUP AND THOSE IN EACH 
OTHER GROUP. WHITE LEGHORNS 


|No. | Nov. ieedane | March | May | July Sept. | First 

Group | hens Dec. | Feb. Papal || lhbug¥sy jy Jabkey. Oct: | year 
251-300+4- Seu 1 pea meee end were ec! eee 

201-250 137 1.23 1.5 1.10 1.09 | 1,20 Tle eye 94 gaa 

151-200 112 2.08 || 1.62 5 er | 1.21 TSS 1295 HB) 

101-150 | 64 5.3 | 2.20 1.46 1.48 2.18 4.08 2.08 

a 2.78 3.68 8.84 4.16 


1-100 40] 19.98 


decrease in bimonthly periods especially in November and December as 
their annual production decreases. 

The same thing is true of the Leghorns as of the other breeds. In 
this regard, there is less difference in hen values in the months of March 
and April, the season of highest production, than in any other period. 
In these two months one hen in the highest group equaled 2.58 hens in 
the lowest group. 

In the total for the year for Leghorns, one hen in the highest 
group equaled 4.16 hens in the lowest group. In other words, each of 
four and a fraction hens in the lowest class took up as much room and 
ate about as much feed in the year as one hen did in the high group. 
Knowing the production of the hens in March and April an intelligent 
culling may be done. 

In the case of the Oregons (Table LVII; see also Fig. 23), there 
were 64 hens in the highest group; 118 in the second; 99 in the third; 
52 in the fourth; and 16 in the fifth or a total of 349 hens. Sixty-four 


Nov Yan Mar May July Sept 
Dec Feb. Apr June Aug Oct 


Annual 
Averages 


26967 
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Ze | | 
Bi-~Monh Aly Production 
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Fig. 23. Average bimonthly production of Oregons, showing correlation between 
short-period production and annual production. 


hens in the highest group averaged 28 eggs in the bimonthly period of 
November and December, and 52.35 eggs in March and April. In the 
lowest group sixteen hens averaged 3.56 eggs in November and Decem- 
ber and 20.06 eggs in March and April, and so on. 

The highest group laid in November and December 28.28; 24.72 eggs 
more than the lowest group, or some seven hundred percent more. In 
March and April the highest group laid 32.29 eggs more than the lowest, 
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or some 160 percent more. The actual difference in eggs laid was greater 
in the high months than*the low months, but the percentage difference 
was greater in the low months. 


Computing the difference in another way, as in Table LX, one hen 
in the highest group laid as many eggs in November and December as 
did 7.94 hens in the lowest group, while in March and April 2.61 hens 
in the lowest group laid as many as one hen in the highest. The same 
thing is true in all of the groups and all the months. 


TABLE LX. SHOWING PROPORTION BETWEEN PRODUCTION OF 
HENS IN HIGHEST GROUP AND THOSE IN 
EACH OTHER GROUP. OREGONS 


No. 


| Nov. | Jan. | March May July Sept. | First 

Group | hens | Dec. Feb. | April | June | Aug. he YORE year 
oie ESS a Me, We | 1 ies es 

201-250 118 | 1.54 1.23 | 1.12 4} issih | 126 1.20 

151-200 | 99 | 2.04 | 158 ikou: 4 1.39 1.49 1.86 1.53 

101-150 | 52 | .36> | 2.01 1.87 1.85 2.08 2.87 2.13 

He¥00i) £6) 7.94] 2.59 2:61 | 4.01 3.82 6.77 3.74 


In the discussion of short-period production as a measure of laying 
capacity, it was shown that as the maximum best-two-months production 
increased, the annual production increased. In this study we see that 
as the annual production increased, the best two-months production in- 
creased. While the greatest increase in production has come in the 
low months of the year, or at the beginning and end of the year, there 
is also a considerable increase in production in the favorable months. 


Though the production draws closer together in the spring months, 
than at the beginning and end of the year, there is in these two months 
a decided difference between good and poor layers. In other words, 
there is a strong correlation between laying capacity, as determined by 
the annual record, and March and April production. 


The difference in production in November and December, however, 
is not always a question of rate of laying. Where the records show that 
a hen laid only 3.66 eggs as an average in November and December, it 
does not mean that the production was spread over the two-months 
period. It means that, while the rate of laying was low, the pullets did 
not start as early as the high group. But in March and April when the 
hens were all laying, and laying throughout the full two-months period, 
the difference in production in the group is a difference in rate of laying. 
In the first two months, there is a question of laying maturity involved 
as well as rate of laying, while in March and April, the only question is 
rate of laying. 


Bimonthly Percentage Production. In Tables LXI, LXII, LXIII is 
shown in percentage the bimonthly production of Barred Plymouth 
Rocks, White Leghorns, and Oregons, arranged in groups according to 
annual production. This is based on the possible hen production of an 
egg a day. It will be understood that these bimonthly percentages 
would vary if artificial lights were used on the flocks. The production 
would be higher in the fall and early winter months with lights and 
probably less in the spring months. But under natural conditions of 
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lighting and care, the table affords a basis for estimating fairly ac- 
curately the annual production of a flock. In the absence of trap-nest 
records, the owner of a flock under good care may know, within a reason- 
able range, from the flock record in any two months, preferably in the 
spring months of best production, what the production of the flock will 
be in the year. If he has a good laying strain and they do not come 
up to the production shown in the table in any months he will know 
that he is not giving them proper care. 


TABLE LXI. PERCENTAGE BIMONTHLY PRODUCTION. BARRED 
PLYMOUTH ROCKS 

No. Nov Jan. March | May | July Sept.| First) Annual 

Group | Hens Dec. Feb. April | June | Aug Oct | year Prod. 
251-300 LA) 36 69.92 87.29 Tees |) enue 71.72 | VSR SARS ale 
201-250 113 | 27.24 | 61.00 76.90 68.37 59.76 53.27| 60.04] 219.15 
151-200} 193 | 12.83 | 48.51 69.88 61.32 50.69 36.89 | 48.32] 176.37 
101-150! 109; 5.47 29.90 56.38 49.85 38.18 21.40} 35.14) 128.28 
1-100, 90 | 1.71 | 10.49 | 32.95 | 24:86 | 22.65 6.75 | 18.16 66.27 

TABLE LXNII. PERCENTAGE BIMONTHLY PRODUCTION. 
WHITE LEGHORNS 
| No. | Nov Jan. | March | May | July | Sept. | First| Annual 
Group hens | Dec Feb. April | June Aug. Oct. | year Prod.. 
= = are ze | 

251-300 | 30 54.05 70.26 85.19 | Crh) | 74.88 62.64 | 73.09 | 266.78 
201-250) 187]! 438.96 | 60.79 77.09 70.85 | 62.48 | 465. 78 | 61.54 | 224.63 
151-200| 112) 22.76 43.46 70.08 63.96 48.27 | 32 48.43) 176.77 
101-150) 64) 10.52 | 31.54 58.48) 3) SLO |) 3432 15. a | 35.09 128.06 
1-100 40} 2.71 12.03 33.038 | 27.79 | 20.32 | TADS) |) = ale(Rs) 64.20 
TABLE LXIII PERCENTAGE BIMONTHLY PRODUCTION. OREGONS 
| No.| Nov. | Jan. March | May July | Sept.| First | Annual 

Group | hens Dec. | Feb. April | June Aug. Oct. year | Prod, 
3 | : =. : : 
251-300 64 46.36 | 70.95 85.83 82.89 74.02 | 67.93 73.88 | 269.67 
201-250 | Pan 30.12 57.73 76.67 72,89 66.57 53.86] 61.52) 224.53 
151-200 | 22.65 46.34 65.66 59.43 49.58 36. 55 | 48.35 176.47 
101-150 52 10.62 35.27 45.84 44.70 | 35.67 | 23.64) 384.66) 126.52 
1-100 oo 16) 5.84 27.33 32.89 | 20.69 19.35 10.04 | 19.74 | 72.06 


If, for example, his flock is laying about 86 percent in March and 
April it has a capacity of more than 250 eggs a hen, and if given good 
care he may expect a production in the year of more than 250 eggs a 
hen, though there may be no flocks of large size that would average 
that number of eggs. 


In the experimental flocks the March and April production of hens 
laying above 250 eggs, was as follows: 


Barred Plymouth Rocks 


White Leghorns 
Oregons 


March and April 


Jo 
87.29 
85.19 
85.83 


Annual 
eggs 
269.17 
266.78 
269.67 


If the production is 32 to 33 percent in March and April he should 
expect a production of about 70 eggs a hen in the year. 
duction in July and August is about 50 percent he can be assured of a 
production of about 176 eggs. 


If the pro- 
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The greatest uniformity in the three breeds is in*March and April, 
indicating that this is the best period for estimating the annual pro- 
duction of the flock. A 60-percent production in March and April indi- 
cates a satisfactory egg yield, while a production above 70 percent 
indicates a production above 200 eggs a hen. 


Percentage Deviation from the Mean. In Tables LXIV, LXV, and 
LXVI, is given by groups the percentage deviation from the mean 
bimonthly production. The mean production is shown in eggs per hen, 
and the deviation in percentage in bimonthly periods is shown for the 


TABLE LXIV. PERCENTAGE DEVIATION FROM THE MEAN. BARRED 
PLYMOUTH ROCKS 


Bimonthly production 
No. | - 

Group | hens | Nov. Jan.) Mar: May | July Sept. | First 

Dee. Feb. Apr. June | Aug. Oct. year 
NICE) Oa eel ee 7.97 24.31 38.16 33.25 28.31} 19.99] 158.57 
251-300... 12 | +184.32 +-69.68 | +39.54 | +45.35 +58.07 | +118.86 +69.75 
201-250....| 113 | +108.53 4-48.05 | +22.93 | +25.44 4-30.87 +62.53 | +38.20 
151-200...) 193 | —1.76 +17.73 | +11.74 | +12.51 +11.02 |) -+12.60} +11.23 
101-150....| 109 —58.09 —27.44 —9.88 —8.54 —16.39 | —34.67| —19.10 
1-100... 90 | —86.95 —74.54 | —47.33 | —54.38 —50.41 | —79.39 | —58.21 


TABLE LXV. PERCENTAGE DEVIATION FROM MEAN. WHITE LEG- 


HORNS 
; ae : Bimonthly production 
No. - 
Group | hens Nov. Jan. Mar. May July | Sept. | First 
| Dee Feb. Apr. | June Aug. Oct. year 
3 = it I 
ING aires cere lt o25 17.60 | 27.54 | 41.54 37.00 31.24 | 20.88 | 181.71 
251- 300+ | 33 | +87.33 +50.51 | +25.05 | +24.91 +48.59 | +83. 00 +46. 82 
201-250_... z LEB +52.39 | +4-30.25 | -+-13.20 | +14.64 +24.01| +33.72 | +23.62 
151—200-..| 112 | Ses —6.90 +2.91 | +38.50 ! 4.19 | —5.94 —2.72 
101-150....| 64 —63.52 AD || SZ, || SG = SBS | —55.17 | —29.53 
1-100. 40 | —90.63) —74.22 |—51.53 |—55.04 | —59.67| —79.31] —64.67 


TABLE LXVI. PERCENTAGE DEVIATION FROM MEAN. OREGONS 


Bimonthly production 


No. 

Group hens Nov. Jan. | Mar: May July Sept. | First 

Dec. Feb. | Apr. | June Aug. Oct. year 
Moan. | as: "16.45| 30.79 _ 41.86 | 39.23 34.93| 27.46| 197.58 
251-300... 64 | +71.92| +35.92 | 125.06 |+28.88 | +31.38| +50.88| +36.50 
201-250_._. 118 +11.68 =f O20.2 9/0 LAe 73 | +13.33 +18.15) +19.63 | +13.66 
151-200__.. 99 —16.05 —11.21 —4.33 —7.59 —11.99 | —18.83 | —10.67 
101-150_... 52 —60.67 —32.45 | —33.21 | —30.51 —36.70 | —47.48 —35.96 
1-100... 16 —78.36 —47.65 | —69.85 | —67.83 —65.64 | —77.71 | —63.52 


different groups. In the case of the Barred Plymouth Rocks, for ex- 
ample, the mean for November and December is 7.97 eggs per hen. In 
the highest group the production is 184.32 percent above the mean. In 
the second group it is 108.53 percent above the mean; in the third group 
it is 1.76 below the mean, while in the lowest group it is 86.95 percent 
below the mean. The plus sign before the number indicates above the 
mean; the minus sign indicates below the mean. 
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In March and April the mean is 38.16 eggs for Barred Rocks, while 
in the highest group the production is 39.54 percent above the mean. 
In the lowest group it is 47.33 percent below the mean. In the case of 
the Oregons, the mean was 16.45 eggs a hen in November and December, 
while the highest group laid 71.92 percent more than the mean, and the 
lowest group 78.36 less than the mean. In March and April the mean 
is 41.86 eggs a hen, while the highest group laid 25.06 percent more than 
the mean and the lowest 69.85 less than the mean. 


The significance of this tabulation is that while the difference in 
the number of eggs laid is greater in March and April than in November 
and December, between ‘the highest and lowest group the percentage 
difference is less in March and April than in November and December. 
There is not as wide a gap between the high and low groups in March 
and April when the difference is figured in percentage above and below 
the mean. 


Conclusions. To summarize some of the results: When a flock 
averages high in November and December, or say 20 eggs a hen, which 
is the average of the three breeds for the group laying 201 to 250, we 
can expect a yield of more than 200 eggs in a year. Judging from the 
average of the highest group in the three breeds, a production of 27.75 
eges in November and December would indicate an annual production 
of 251 to 300 plus. When they lay fewer than 4 eggs in November and 
December, we may expect a yield of fewer than 100 a year. The inter- 
mediate groups show corresponding results. 


The hens showing the lowest. production in November and December, 
not. only show the lowest through all the months, but when the year’s 
total is figured up, it required 3.74 hens in the lowest group to lay as 
many in the year as one hen in the high group. In March and April 
one hen in the high group was equal to 2.61 hens in the lowest group. 
This indicates that culling may be fairly accurately done in March and 
April as well as November and December. 


WINTER PRODUCTION AND ANNUAL PRODUCTION 


In the production of the first quarter of the laying year referred 
to as winter production, the results show very conclusively that low pro- 
duction in these months, means low production for the rest of the year. 
High production in the winter months means high production for the 
rest of the year. Selective culling may be profitably done on the basis 
of first three months production. 

The average results for the different years are given below. 


Winter production Annual 
Breed No. of hens to Jan. 31 Rest of year production 
Barred Plymouth Rocks 517 19.79 138.78 158.57 
Leghorns 386 35.44 146.27 181.71 
Oregons 349 37.02 160.57 197.58 


(Unidentified or floor eggs are not included.) 


When the hens are grouped according to annual production and 
breed, it is shown that the best layers in the first quarter are the best 
in the rest of the year. .For example, in the table for Barred Plymouth 
Rocks, the hens laying between 250 and 300 averaged 44.25 eggs a hen 
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to January 31, and 224.92 in the rest of the year. The poor group laying 
from 1 to 100 averaged. 4.17 eggs to January 31, and 63.08 in the rest 
of the year. 

The same results are secured with Leghorns and Ovegons, as shown 
in Table LXVII. 

The characteristics of the good layers as shown by this tabulation, 
are good fall and early winter production, with good production through- 
out the rest of the year, including good production in the late summer and 
early fall. In other words, by breeding the length of the laying period 
is extended, both at the beginning and end of the laying year. 


Average Production per Hen for First Twelve Months of Laying 


Before January F/ x ‘Balance of Year 


Se se 224.92 
SS EF 
att ° WZ CLLLLLILLLLLLLLLLLLLLLLLELLLD 21817 


& 183.19 
seer (72 / | 
LILLLLLA '92.86 


2/16 


J0O4E 
3579 ZZ 


10. og, 
1k DEE UK Mahe wis 
17 od POZA LLLLLLLLLLL LL LLA 108.77 


a7 i ae 63.08 Legend 
ea COLT 
FP Borred Plymouth Rocks 
LLLLLLL4 60.69 Sj White Degheaas 
LiL, OFEGONS 


J 


Fig. 24. Hens grouped according to production, showing correlation between fall 
and winter production and the remainder of the year. 


CORRELATION BETWEEN THE PRODUCTION OF THE 
FIRST YEAR AND THAT OF THE SECOND 
AND SUBSEQUENT YEARS 


The problems discussed so far in this bulletin have had reference 
only to the pullet year or first year’s production. The conclusions drawn 
are based on those records. It is of practical importance to know 
whether high fecundity is inherited in the second and subsequent years. 
A profitable hen must be profitable for more than one year. If a hen 
produces well in her first year, will she produce well in subsequent years, 
or is it true that the more she lays in her first year, the fewer she will 
lay in subsequent years? Again, it is highly important for profitable 
egg production, that the production period of the hen, or the profitable 
laying life of the hen, be increased. 

It was the practice each year in our experiments to retain the best 
layers in the first year for the second year, and the best of these again 
for the third and subsequent years. A few of the best layers have 
reached nine years of age with continuous trap-nest records. Some 
poor layers in the first year were also retained in second and subsequent 
years. 

The trap-nest record begins when the hen first begins to lay, and the 
first year dates from that time. The second year begins at the end of 
the first twelve months of laying, and so on for subsequent years. 
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The results show clearly: (1) The first year is on the average the 
most productive or profitable year in the life of the hen. (2) The best 
layers in the first year are, on the average, the best in the second and 
subsequent years. In other words, there is a clear correlation between 
the production of the first year and the second and subsequent years. 
(3) The decrease in production from the first to the second and sub- 
sequent years is greater in the case of high producers than low first- 
year producers. But the second year’s production of good producers is 
better than that of the poor producers. (4) The very poorest producers 
in the first year, on the average, lay better in the second year than the 
first year. 


Averaging all the hens with two-year complete records for the 
different years the production is as follows: 


Percent 

Breed No. of hens Ist Yr. 2d Yr. Decrease decrease 
Barred Plymouth Rocks 157 178.77 128.70 50.07 28.01 
Leghorns 185 209.16 163.65 45.51 21.76 
Oregons 219 200.49 161.95 38.54 19.22 


This shows a considerable decrease from first to second year in all 
three breeds. It is understood that the hens represented in the above © 
tabulation are of good laying strains, but there was a wide range in 
production of individual hens. As shown in other tables, this variation 
has extended from less than one hundred eggs to three hundred eggs 
a hen. 


Computations have also been made for hens with three-year records. 
Their averages are as follows: 


Decrease Percent 


Breed No. of hens Ist Yr. 2daevr: Sim vars Ist.-3d decrease 
Barred Plymouth Rocks 35 225.89 158.20 124.20 101.69 45.02 
Leghorns 96 227.58 174.59 157.24 70.34 30.91 
Oregons 74 231.01 189.78 158.96 72.05 31.19 


It is seen that the decrease continues from the second to the third 
year, though it is not quite as much in the third year as in the second. 
In the case of the Barred Plymouth Rocks, there is a decrease of over 
100 eggs, or 45.02 percent, from first to the third year. The decrease for 
the Leghorns and Oregons is 70.34 and 72.05 eggs a hen. It will be 
remembered that the hens represented here are all heavy producers in 
the first year. 

The Barred Plymouth Rocks decreased more rapidly in the second 
year and third year than the Leghorns and Oregons. The Leghorns and 
Oregons showed about the same decrease. Whether this is a breed or 
a strain difference is not clear, but it would appear from these experi- 
ments that the heavier breeds do not maintain profitable production for 
as many years as the lighter breeds. 


To learn whether good layers and poor layers show the same per- 
centage decrease each year, all the hens with two-year and three-year 
records have been grouped according to production in the first year. 

The grouping of the Barred Plymouth Rocks (Table LXVIII) for the 
first and second years’ production shows that the hens that laid 250 to 
300-plus eggs in the year, averaging 266.43, averaged in the second year 
164.28 eggs, a decrease of 102.15 eggs, or a percentage decrease of 38.34. 
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Fig. 26. Average production per hen of Barred Plymouth Rocks, White Leghorns, 
and Oregons, showing correlation between first and second years’ production of the 
same hens, and first, second, and third years’ production of the same hens. 

While the decrease is greatest in the highest group the second year’s 
production is highest in the highest group. In the lowest group laying 
one hundred eggs or less, and averaging 72.21 eggs, the average for the 
second year was 77.78, or an increase of 5.57 eggs a hen, or a percentage 


increase of 7.71. 
TABLE LXVIL SUMMARY 


Average production per hen* 
Groups No. of | Through | Re Annual 
hens | January of year 
Barred Plyinouth Rocks bt 
POMC tO) oO; t ee 12 44.25 224.92 | 269.17 
POMC ORE: 5 hes eee se sees W183 35.96 183.19 219.115 
Loskator20 Oe 193 | 21.63 | 154.74 176.37 
101 to 150__.. 109 10.78 117.49 128.28 
90 | 3.17 | 63.08 66.26 
ISR cosas ee 19.79 138.78 | 158.57 
White Leghorns | | 
Zbl to B00 =a 33 60.24 206.55 266.79 
201 to 250.. Z 137 Dee | WZ al 224.64 
151 to 200... 112 30.46 | 146.31 LEC 
AW Oal Koy ana Oe 64 | 14.45 113.60 128.06 
1 to 100 40 3.98 60.23 64.20 
AVOrABC oo eeeceeccee- | Biddy ~ | 146.27 renee e 
Oregons ne : 
PARAL THO) CXOKD es eeeeee eee 64 55.50 214.17 269.67 
201 to 250... pe 118 41.67 182.86 224.53 
COM 0 eence eee | 919) 33.79 142.69 176.47 
AKO MEC Celi erence eee | 52 ali facets) 108.77 126.52 
COs) Obert eevee ee 16 | 1S 60.69 72.06 
AN OPA BC se sence 4 | | 37.02 | 160.57 197.58 


*Unidentified or ‘floor’ eggs not counted. 


The same law of diminishing returns holds true with Leghorns and 
Oregons, that the higher the first year’s production the greater the de- 
crease in the second, but the second year’s record of the highest group 
is better than the second year’s record of the lower groups. If, there- 
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fore, high fecundity is inherited in the first year, it is inherited in the 
second. In Tables LXXI, LXXII, and LXXIII, showing first, second, and 
third years’ records of hens completing three years, it will be noted that 
there is a decrease in all groups from the second year to the third, with 
one exception, that of the lowest group of Oregons. As it happened that 
there was only one hen in that “group,” no significance can be attached 
to this case. 


TABLE LXVIII. RATE OF DECREASE IN PRODUCTION—2 YEARS 
SUMMARY. BARRED PLYMOUTH ROCKS 


Average | Average Percent 


No. | 
Groups hens 1st year | 2d year | Decrease | decrease 

251 to 7 | 266.43 | 464.28 | 102.15 38.34 
201 to 2 69 221.36 144.07 TT.29 34.92 
151 to = 36 | 180.11 134.05 46.06 25.58 
MO Onl 5 Oo as. 22 126.54 109.09 17.45 13.79 

ELE GOO serene ae 23 | 12.21 77.78 —5.57 | —7.71 

Average........ TER aka ieevoue | esO0T |) esot 


TABLE LXIX. RATE OF DECREASE IN PRODUCTION—2 YEARS 
SUMMARY. WHITE LEGHORNS 


No. Average Average Percent 


Groups hens 1st year 2d year | Decrease decrease 
Pasa kaka BN soe 27 266.81 | 169.00 97.81 | 36.66 
201 to 250.... ee 96 227.57 169.54 | 58.038 25.94 
151 to 200... 3 180.25 | 165.46 | 14.79 8.20 
101 to 150... a is) ATES} 136.84 —9.53 —7.49 
Th Woy ALON OS, Acne 4 94.00 97.25 | —3.25 | —3.46 
Average........ 185 209.16 163.68 45.48 21.74 


TABLE LXX. RATE OF DECREASE IN PRODUCTION—2 YEARS 
SUMMARY. OREGONS 


| No. Average Average | Percent 

Groups | hens Ist year 2d year Decrease | decrease 
PASM wey HOW a eae eee | 51 268.27 188.45 79.82 | 29.76 
201 to 250... ae 73 223.93 | 179.01 | 44,92 | 20.06 
151 to 200. 49 173.89 146.59 27.3 | 15.69 
101 to 150. =a || 37 125.02 | 126.46 —1.44 | —1.15 
HOw 0 Seems | 9 81.33 | 102.88 —21.55 | —27.12 
PAN OV AEC maces | 219 200.49 | 161.95 | 38.54 | 19.22 


It will also be noted that the decrease among the different groups 
from the second year to the third year is not as consistent as from the 
first to the second. This would be expected from the relatively small 
number of hens with complete three-year record. From the average of 
the three breeds, however, the decrease is greatest from second to third 
year among the higher group of layers, but the decrease in the third 
year is much less than in the second year. 

The grouping given in these tables includes hens of different yards 
in the different years with records for two and three years. The record 
shows the same general decrease in different yards of different years. 
The production of the first year’s stock, 1908-09, does not show much 
decrease in the second year, but this agrees with the result of all the 
years, that the low-first-year hens do not show as much decrease as the 
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nigh hens, and the very lowest show an increase in the second year over 
the first. Out of 92 Barred Plymouth Rocks, in the first year averaging 
86.14 eggs, 59 of the best were kept over into the second year. The 
average of the 59 in their first year was 89.50; in the second year the 
average was 78.61. 

Of the 50 Leghorns averaging 106.88 in the first year, 28 of the 
best averaging 120.89 in the first year averaged in the second year 97.46. 

This low second-year production of the two breeds in connection with 
their first-year production is additional proof that the foundation stock 
in these experiments was of low fecundity. 

Of 561 hens with complete records for two years, there were 104 that 
laid more eggs the second year than the first. In the first year, these 
averaged 135.2 eggs, and in the second year 157.25 eggs. In the case of 
35 of these hens, the records show that they started laying early and 
moulted in the fall and winter. This would account for a lower first-year 
record than the second. Of 25 others, the record shows that they started 
to lay late, most of them being late hatched. The fact that the 104 hens 
laid more in the second year than the first, therefore, may be explained 
in part at least by the fact that in a large number of cases environmental 
conditions were not favorable for high first-year production. 


Limit of Production or Laying Longevity. The statement has been 
made by numerous authors that 600 eggs was the limit of production of 
a hen in a lifetime. This theory seems to have originated with a writer 
named Geyelin who said, “It has been ascertained that the ovarium of 
a fowl is composed of 600 ovula or eggs. Therefore, a hen during the 
whole of her lifetime cannot possibly lay more eggs than 600.” This 
statement has been disproved by trap-nest records at this Station. Many 
of the station hens have laid more than 600 eggs, and a number have 
laid more than double 600. 

Table No. LXXIV gives a list of twenty hens bred at this Station 
that have laid, up to the end of 1920, more than 1000 eggs. This table 
gives the hen number, her date hatched, and the egg record for each 
year. It also gives her pedigree or ancestry so far as known. It will 
be noted that practically all of them have high-record ancestors. It will 
also be noted that these hens are either direct descendants of or were 
closely related to 1000-egg hens. Hen C521 (Lady MacDuff) is the dam 
of four of these 1000-egg hens and the sire’s dam of another. Lady 
MacDuff herself did not quite reach 1000 eggs before death, but a full 
sister (C547) has a record up to the end of her eighth year of 1300 eggs, 
which is the highest record so far secured. This hen in her ninth year 
is still laying well.* White Leghorn hen A27, record 1188 eggs in eight 
years, is the dam of two other 1000-egg hens and the sire’s dam of five 
other 1000-egg hens. In fact, all the Leghorn 1000-egg hens are related 
to A27, and some of the Oregon hens of 1000-egg records carry some of 
her blood in the early generations. 

A study of this table would indicate that the characteristic of long 
laying is inherited. The practical significance of the record will be ap- 
parent from the average production of the twenty hens. In the first 
year, the average was 235.75. There is a gradual decrease each year for 
five years, the average for the fifth year being 163.2. That means five 


*Since this text was written C547 died (June 11, 1921). The complete record for 
her entire life was 1335 eggs. 
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years of profitable production. The record of the sixth year, 107 eggs, 
is considerably above the average production of the hens of the United 
States. If the flocks of the country can be bred up so that their profit- 
able period of production will be extended from about two years to four 
or five years, it would mean a great saving in the cost of production. 
The cost of reproducing the flock, including incubation and rearing, every 
two years is very great. By breeding from the best layers, the poultry 
breeder is taking a certain method of reducing the cost of production by 
lengthening the profitable life of the hen. 


SUMMARY 


1. Individual variation in egg production is very great, ranging in 
our experiments from 0 to more than 300 eggs in a year. 

2. This variation does not appear to be a breed characteristic. 

3. The highest individual record among the Barred Plymouth Rocks 
was 308 and the lowest 3 eggs. The highest White Leghorn record was 
302 and the lowest 1 egg. The highest among the Oregons was 309 and 
the lowest 14 eggs. 

4. There was apparently no decrease in variation when the flock 
production was increased by breeding. The range between the high and 
the low remains about the same. 

5. The highest egg record in the original or foundation stock was 
218 eggs. This has been increased to 308 as the maximum in the pedi- 
greed, high-producing stock. 

6. In a supplementary experiment in a flock of the Station’s strain 
of Oregons, kept at the Oregon State Hespital, Salem, a high record of 
330 eggs was secured with a total of 17 hens laying 300 eggs or more. 

7. The pullet progeny of high-record, pedigreed stock, showed a 
large increase in production over the unselected, low-producing founda- 
tion stock. 

8. Regardless of any question of prepotency, the selection of breed- 
ing stock on the basis of high production record is a certain method of 
increasing production. 

9. Some individuals, however, showed greater power of trans- 
mitting high fecundity than others of the same breeding. 


10. Goed layers were not always produced by good layers, nor were 
poor layers always produced by poor layers. 

11. Mere rapid progress will be made by the breeder if he can test 
the breeding quality of his stock, and use for breeding those hens and 
males whose progeny has shown high production. 

12. In a few excepticenal cases, the production of the pullet progeny 
was higher than that of the dam and sire’s dam. 

13. The average production of the pullets was less than the average 
of the parents where the parents were selected among the highest pro- 
ducers, but there were individual cases where the pullet records were 
higher than the parents’ records. 

14. Breeding from the highest producers decreased the number of 
poor producers, but it did not decrease variability nor obviate the ne- 
cessity for continuing selection of breeding stock. 


15. Breeding from the highest producers showed a progressive in- 
crease in the maximum individual production, showing that the oppor- 
tunity for selection was as great at the end as at the beginning of the 
experiment. 

16. Under favorable environmental conditions, the annual record of 
the hen is undoubtedly the best measure of a hen’s laying capacity. 
Where the environmental conditions are not favorable, the short-period 
production, monthly or bimonthly, preferably in the season of maximum 
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production, gives a more certain indication of inherited egg-laying ca- 
pacity than the annual record. 

17. There was a close relation between rate of laying, or intensity 
of production, and annual production. Rate of laying is within certain 
limits an accurate measure of egg-laying capacity. 

18. Good laying capacity was indicated (1) by heavy production at 
the beginning of the laying year or in the fall and early winter, (2) by 
heavy production or high rate of laying in any one or two months of 
the year, (3) by heavy production at the end of the laying year. By 
trap-nesting for two months at the beginning of the year, or in the 
spring months or in the late summer and fall, the records obtained will 
constitute a fairly accurate basis for culling. 

19. The best two-months production is a fairly accurate basis on 
which to select hens of best laying capacity. 

20. There was a close correlation between March and April produc- 
tion and annual production. 

21. In the Station’s experimental flocks there was a greater differ- 
ence in the number of eggs laid, between the best and poorest layers in 
March and April than in November and December, but the percentage 
deviation from the mean was greater in November and December than 
in March and April, the months of lowest and highest production. 

22. Variations in vigor and environmental conditions are the dis- 
turbing factors in the study of trap-nest records. 

23. With good viger, a hen’s production may extend over a longer 
period than may that of a hen of the same laying capacity but without 
the vigor. | ye 

24. Late laying in the summer and fall did not always indicate a 
good layer. A hen with low rate of laying and good vigor may lay late 
in the summer and fall. 

25. Our records show on the average a higher production in the 
pullet year, or first laying year, than in the second or subsequent years. 
There was a rather consistent decrease each year. The greatest de- 
crease was in the production of hens with highest first-year records. 
Where the production was very low in the first year, there was on the 
average an increased production in the second year. 

26. The best layers in the first year, on the average, though showing 
the greatest decrease in the second and third years, show better records 
in the second and third years than poorer layers. 


27. There appears to be a correlation between rate of laying and 
the fat content of eggs. 
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Hood River Apple Orchard Manage- 
ment With Special Reference 
to Yields, Grades, and 


Value of Fruit 


PURPOSE 


For a number of years the Hood River Branch Experiment Station 
has been conducting a searching investigation of the apple-orchard busi- 
ness in Hood River Valley. Comparatively few statistics were available 
which definitely indicated the economic trend towards which the fruit 
growers were moving. During the summer of 1915 the Office of Farm 
Management of the United States Department of Agriculture completed 
an Orchard Survey in which the cost of production was ascertained. 


Fig. 1. Hood River Valley with Mt. Hood in the background. Orchards in the fore- 
ground are included in this Survey. 


—Courtesy Slocum and Donnerberg, Hood River. 


{n this, a detailed study was made of the current cost factors involved 
in the maintenance of orchards and the handling of the crop on fifty- 
four farms. This survey did not, however, indicate the most profitable 
varieties to plant, a factor dependent largely upon yields per acre and 


ited States Department of Agriculture, Bulletin 518. Cost of Producing 
Apples in Hood River Valley. 
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price received per box. Neither was there any attempt made to segre- 
gate the orchards upon their merits as regards yields, percentage of 
Extra Fancy fruit produced, percentage of Four-tier sizes, and value of 
the product. 

The present study has attempted to determine “Who’s Who” in the 
apple business and as far as possible and practicable, the underlying 
causes which are associated with a high standard of success upon the 
one hand, and only mediocre or poor results upon the other. 


Factors Under Study. The aim has been to pick out the important 
factors in orchard management such as pruning, thinning, propping, till- 
age, irrigation, and fertilizer practices and to study these with reference 
to differences in net results as above indicated. The differences in time 
spent upon these operations, and in the case of spraying for instance, 
the amount of material applied has been used largely as a working 
basis. Average costs per acre and per box in many cases have been 
determined. It is desired to make plain, however, that this is not a cost- 
of-production study. Costs are used very largely for relative or com- 
parative purposes rather than for their value as cost data. The price 
of labor and material used in the orchard has fluctuated so much during 
the last few years that it seems scarcely practicable to use the figures 
for other purposes than as indicated. 

The writer realizes the limitations surrounding a study of this kind. 
The data on fixed operations are made up largely from estimates which 
the grower was able to furnish. Statistical proof, however, is available 
to show that when many records are so employed, the possibility for 
error in final computations is reduced practically to a negligible quantity. 
In this survey data were secured from fifty-one orchards covering a 
very wide area typical of the Hood River Valley. 

Data covering yields, grades, sizes, and prices per box were taken 
from accurate records, secured from the books of the selling agent 
through whose hands the fruit passed on its way to market. 


PERIOD OF STUDY 


The six-year period covered in this analysis is from 1913 to 1918, 
inclusive. This period may be said to comprise two complete epochs 
in the apple business in Hood River Valley. Distinct changes in orchard 
management took place. Tillage, cover or shade crop management, fer- 
tilizer and spraying practices were very greatly changed. This was 
especially true with reference to the use of fertilizer and shade crops. 
The use of improved spraying, high-powered machinery for application, 
and a more reliable spray program as compared with that of former 
years are factors of great importance as far as yields of high-quality 
fruit are concerned. ; 


Period 1913-1915. This period may be said to comprise one epoch. 
Then, as was true also in former years, the apple orchard was clean 
cultivated. That is to say, cover or shade crops such as vetch, clover, 
or alfalfa, often referred to as green crops, were not, as a rule, grown 
between the trees for their influence in fixing nitrogen and adding hu- 
mus to the soil. The result of protracted clean tillage from year to 
year was that the soil’s humus content was gradually, and finally al- 
most completely, “burned up.” 
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Each year cultivation became more expensive and difficult because 
the soils lacking humus were more inclined to run together and cement. 
As a rule such soils responded less readily to irrigation because they 
lacked absorptive power. On hillsides they were quite subject to erosion. 


Many orchards, formerly productive to a marked degree, began to 
fail. This was true not only of neglected orchards but also of orchards 
apparently receiving the very best of care as judged by the standard 
practices of the time. Tree growth was reduced to negative propor- 
tions; fruit-spur development was weak; and the ability of spurs to set 
fruit was subnormal as evidenced by small crops of fruit following very 
heavy blossoming.’ 


Coincident with these facts was the failure of the growers to ob- 
tain suitable control of orchard pests. Apple-scab control was not 
thoroughly understood by growers. During 1915, practically 25.0 per- 
cent of the fruit was lowered in grade or made unsuitable for packing 
from this cause alone. During 1916 considerable loss occurred from 
this source, but that year a much more efficient spray program was 
carried out by the fruit growers generally. In some orchards apple- 
scab infection ran as high as 63.0 percent on unsprayed trees as com- 
pared with 0.19 percent on well sprayed trees. Since 1916 very little 
loss has occurred from apple-scab. 


Period 1916-1918. This period is indicated as the second epoch. 
Tillage methods were changed, and the use of shade crops, such as 
clover and alfalfa became very general. In some cases, the orchardist 
started with vetch, which was turned under after one season’s growth. 
Clover came into general favor to be used for turning under for “green 
manure” after one or two season’s growth. In the majority of cases 
alfalfa was planted directly following the use of clover or after clean 
tillage. 


In recent years the use of nitrate of soda has also found general fa- 
vor. When applied at the rate of 3 to 5 pounds to the tree under the 
conditions cited (i. e., lack of humus and the full establishment of a 
shade crop), the response was immediate, in that trees took on renewed 
vigor, fruit spurs functioned normally, and large quantities of higher- 
quality fruit were obtained. 


Briefly, an improved spray program, more efficiently applied, and 
changed fertilizer and tillage practices are features of the second epoch. 


One of the aims in this study has been to show to what extent or- 
chards have responded to better care. This is measured in quantity of 
packed fruit and in grades. The object has been to show what are the 
possibilities in orcharding, taking trees which have arrived at full bear- 
ing age. Only trees fifteen years and older are included in the survey. 
Furthermore, orchards lacking in general uniformity are eliminated 
from the study. Many orchards could not be included in the survey 
because trees under full bearing age had contributed fruit of the same 
variety as those in full bearing, there being no segregation of records 
in this respect. 


2A report of experimental work in orchards of this character is given in the 
bulletin, Report of the Hood River Branch Experiment Station for 1916: Influence of 
Commercial Fertilizers upon the Bearing Apple Tree, by C. I. Lewis and G. G. Brown. 
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YIELDS 


Yields for the different varieties are given in Table I in packed 
boxes. The figures indicate the average annual yields for the two three- 
year periods, 1913 to 1915 and 1916 to 1918; yields are also shown on an 
acre and tree basis on a six-year average. The percentage increase for 
the latter three-year period over the corresponding previous three years 
is indicated. Where all commercial varieties in the orchard are included 
in one general average it appears under the caption “Orchard”. Culls 
and Cookers are not included in these averages. 


TABLE I. AVERAGE *ANNUAL YIELDS IN PACKED BOXES PER ACRE 
AND PER TREE FOR TWO THREE-YEAR PHRIODS 
(1918-1915 and 1916-1918) 
(Culls and Cookers not included) 


Annual average Annual average 


1913-1915 1916-1918 4 a 
o S- 

Variety ‘ ie z 5 s ro) £ 

o O) g 2 5 2 re s $ 

ke o S) ° KO A338 

° is < tal Os ret 
< IS isl | Ayes n 

OCC aC eee a ee eee ieee 25 3.08 314 4.45 46.0 264 
Gravenstein* _. Of 829 10.10 836 10.10 1.0 832 
Winesap*  ___.... af 616 6.25 857 7.69 6.6 736 
Delicious* _._.. as 656 9.85 767 11.50 17.5 710 
Gin oe ee ee = 511 5.94 590 6.51 15.4 550 
By Kehyyust | Suet ve eee Bee 484 6.02 524 6.51 8.3 504 
RedeCheek: =S. 292 As! bal 468 Beis 533 6.92 13.8 500 
Black Twig_. Foy 496 5.84 451 DH eSle al Sees 413 
Orntleyae a 271 4,27 529 7.20 95.2 400 
Winter Banana* = 210 3.60 561 6.95 ay Gil 385 
Jonawiang ss ea 307 4.29 445 6.39 44.9 376 
Bene Da vist ee A 317 4.65 414 6.47 30.6 365 
Limber Twigs* ._.. 235 3.25 460 6.39 95.7 347 
(Ganotpee eee eee | Gases ann le aS eal iy, Seniors 323 
Arkansas Black... 260 3.86 385 5.59 47.9 322 
Wagoner* ........ 239 yas 296 4.19 23.8 267 
Spitzenburg oe 200 2.84 312 4.22 56.0 | 256 
BING WiC OW Tl seseeete Se os deeseecccs 199 2.89 276 3.99 SScor a 238 


*Variety averages for Winesap, Delicious, Winter Banana, Limber Twigs, 
Gano, and Wagoner are based upon a few records only. 
yincrease percent is based upon acreage figures. 


A very marked increase in yields has characterized the latter three- 
year period. Orchard averages increased from 215 packed boxes (1913- 
1915) to 314 (1916-1918) or 46.0 percent. The general six-year average 
is 264 boxes. These are not heavy yields, however. For trees fifteen 
years and older an average of 4.45 boxes a tree is not very favorable. 
Highteen varieties are listed. Those giving highest averages for six 
years are placed ahead of those with smaller averages. 


Variety Averages. Newtown, the leading commercial variety, 
stands last. Its average is 199 boxes (1918-1915); 276 boxes (1916- 
1918), with 238 for a six-year average. Spitzenburg, the other leading 
variety in point of acreage, stands next to last, its average being 200 
boxes (1913-1915) and 312 boxes (1916-1918), with 256 as a six-year 
average. The fact that these main varieties do not average better is 
the direct cause for the low orchard averages given above. The out- 
standing features are the high yields for several other varieties. An- 
nual averages for the first and second three-year periods, and for the 
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six years respectively for the following varieties are: Delicious 
656,767,710; Red Creek, 467,533,500; Black Twig, 496,451,473; Ortley 
271,529,400; Jonathan, 307,445,376; Arkansas Black, 260,385.322. 


TABLE II. DISTRIBUTION OF GROWERS, SHOWING AVERAGE ANNUAL 
YIELDS IN PACKED BOXES PER ACRE FOR THE 
PERIOD 1913-1918 INCLUSIVE 
' See Table I on average yields. Orchards are here grouped on the basis of 
higher or lower yields. 


Percentage of orchards studied 


I, jal? : 
n it @: Es < 5 ¢ 
Boxes per acr = o 
I e e | | & ole 
2, 3 go 12) it es a} o ° 
a = |w!| ea | 3 3 s |e 
2° Eke | 2813) 2+] Bal 6) Bene 
1} Oy pass [i Se 4 Mo | Oo cor n Z, 
EADONE 7500) cso ceneeecieee eee 1.80; 50) 18.18) 60] 20.0] 23.00; 26.30) 4.29) 2.22 
460-500 . er QELGH ts creel ercteseieu | ara mister | 7270) 10.50 2.15 2.22 
I 421-459 _. 1.80 eee as ollaseae UCtON Ssocne 2.15| 2.22 
381-420 _.... Del Gi) 20M aeryetets | oos || BOA 7.70) 5.25 8.50 2.22 
341-380 _. ee Pais |) kik) Seeaex PAD! PASO RUGS Seance OLD eres 
WeoOl= 34ers x Ra GODS irre, Weevecres nerrons | 2 B3esan\|Uoceraos PAs ty || YG) abl 
Annual Average—Boxes .... | 386 612 | 600 | 566 545 518 | 414 420 383 
PRO Garlmer COm tise. oe ee 25 80 | 27.30 80 73.3 61.60) 63.20; 23.40, 20 
5.36 | 18.20 | 6.6 7.69 5.30 8.50 8.90 
OCR PRY BERD a5 || Aoacn 7.69} 10.50 4.25 6.66 
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OCU DELCeNILE ue eee S100) | nes | 20.00 | 20 6.7 7.60) 5.20 46.80) 48.90 
Annual Grand Av.—Boxes.... | 264 550 | 332 500 | 473 400 | 376 256 238 
| { 


Orchard Groups. Table II gives yields arranged upon a different 
* basis. The aim has been to indicate what are the possibilities for the 
orchard and for eight main varieties. Orchards have been placed in 
three groups. Those with average yields above 301 packed boxes an 
acre comprise Group I; those yielding from 221 to 300 boxes comprise 
Group II; and those below 220 comprise Group III. 

A study of fifty-one orchards shows that 25.0 percent belong to 
Group I with a six-year average of 386 boxes; 37.5 percent belong in 
Group II with an average of 257 boxes; and 387.5 percent belong in 
Group III with an average of 186 boxes. It is apparent, therefore, that 
a small minority of the growers have attained a high average yield, and 
that more than one-third of the growers have a comparatively small 
average yield. It is desired that these fundamental classifications be kept 
in mind in order that the reader may study associated causes and facts 
which are discussed later. 

Each of the following varieties has representatives in Group I: 
27.3 percent of those growing Arkansas Black have an average yield 
of 600 boxes an acre; 80 percent of those growing Red Cheek average 
566 boxes; 73.3 percent of those growing Black Twig average 545 boxes; 
61.6 percent of those growing Ortley average 518 boxes; and 63.3 per- 
cent of those growing Jonathan average 474 boxes. Upon this basis 
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both Spitzenburg and Newtown show to a disadvantage, only 23.4 per- 
cent of Spitzenburg growers having an average of 420 boxes and 20 
percent of the Newtown growers averaging 383 boxes. 


Culls and Cookers. In addition to the number of packed boxes of 
Standard Grades recorded, the orchard must be credited also with ton- 
nage of fruit of lower grades. These are commercially known as Culls 
or Cookers. The former, composed of windfalls and other low-grade 
fruit, are used principally for cider and vinegar manufacturing. Cook- 
ers are sold either for canning or for the fresh-fruit trade. In the 
latter case they are packed “face and fill’? style. The average tonnage 
for culls and cookers is 1524 pounds an acre, the equivalent of approxi- 
mately 32 packed boxes. This, together with 314 packed boxes (1916- 
1918 Table I) gives a total of 346 boxes an acre. 


Fig. 2. A typical packing house in Hood River Valley. The building is equipped with 
Cutler” fruit grader. It also includes ‘‘common storage” facilities. 


GRADES 


Packing and Grading Rules. The following statement comprises 
the chief requirements of the packing and grading rules of the Apple 
Growers Association of Hood River. 


Extra Fancy. This grade is deflned as smooth, mature, clean, hand- 
picked, well-formed apples only, free from all insect pests, diseases, 
blemishes, bruises or other physical injuries, scald, fungus, scale, dry or 
bitter rot, worms, worm stings, worm holes, spray burn, limb rub, visible 
water core, skin puncture, or skin broken at the stem. 


Fancy. This grade is defined as apples complying with the stand- 
ard of first-grade apples, except that slight leaf rubs, scratches, or rus- 
seting shall be permitted up to a total of one inch in diameter in counts 
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running 125 or less to the box, or three-fourths of one inch in diameter 
in counts running 1388 to 163 to the box, and one-half inch in diameter 
in counts running 175 or more to the box in all cases where the color 
requirements are equal to the color rules provided for this grade. Limb 
rubs are permitted showing an aggregate area in the various counts of 
one-half the diameter of that allowed by leaf rubs. 


“C” Grade. This grade is to consist of mature, hand-picked apples 
free from all insect pests, worms, worm holes, infectious diseases, skin 
punctures, bruises, or broken skin; but slightly misshapen apples or those 
having slight sun scald and not to exceed two healed-over stings and 
blemishes allowed for Fancy grade may be permitted. All apples of 
striped or red varieties must have a tinge of color. 


Grades and Sizes by Percentages. Table III summarizes data cov- 
ering percentages of Extra Fancy, Fancy, and Choice, also Four, Four- 
and-one-half, and Five-tier sizes for the years 1913-1918 inclusive. These 
figures were furnished by the Apple Growers Association which handles 
approximately seventy percent of the apple tonnage of Hood River Val- 
ley. It should be stated that these figures cover general Valley condi- 
tions, fruit coming from both young and old orchards. The tendency 
would naturally be to secure larger fruit from the younger trees and 
smaller fruit from the older trees. These data should not be confused 
with the data in tables IV and V, which summarize grades for the or- 
chards covered in this survey. 


It will be noticed that the percentage of Extra Fancy dropped from 
37 percent in 1914 to 30 percent in 1915; while “C” Grade, from which 
little returns are derived, increased from 20 to 33 percent. A very en- 
couraging increase in Extra Fancy fruit is noted for 1917 and 1918, 
averages being 52 and 51 percent respectively as compared with 38 
percent, the best previous record. The grand average for Extra Fancy 
for the period 1913-1915 is 34.6 percent as compared with 47.0 percent 
for 1916-1918. Owing to the fact that best returns are derived only from 
Extra Fancy and Fancy fruit, these two grades are totaled in Table III. 


TABLE III. PERCENTAGES ACCORDING TO GRADES AND SIZES FOR 
THE YEARS 1918-1918 INCLUSIVE 


These figures apply to approximately seventy percent of the apple tonnage 
for the Hood River Valley. 


| £0 
ep & | 8 
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Extra Fancy (percent) 30 | 34.6) 3 52 | 51 | 47.0 | 40.8 
Fancy (percent) ....----.----- : ee legety | 32 82) | 33.6. si-8 
AG taen (DEE CCIU) Meese ess te ees ee | 67 | 75.6) 75 | 84 | 83 | 80.6 78.1 
ZOuaGrad em Qoercont meme nn aes (ee 33 | 24.3| 25 | 16 | 17 | 19.3/ 21.8 
} 
| 
Four tier (125 and larger) (percent) | 58 oT | 64 | 59.6) 42 40 61 | 47.6) 53.6 
Four and one-half tier (138-163) (per- | 
CSL AEA | ease aie ae Beep ee ere Seo EERE 28 31 23 | Phe) BE eS es ae Ha 
Total EGCON Cen eee ESN EES CES) ey A ve) 7 | 81.0 | 83. 
Potion ( TA tele Se tsONe 2h 24 12 | 19.0! 16.0 


Five tier (175-225) (percent) 


Data furnished by Apple Growers Association. 
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Grades and Sizes for Orchards Surveyed. Table IV summarizes 
the average yearly percentage of Extra Fancy fruit and sizes four-tier 
and larger for the two three-year periods (1913-1915 and 1916-1918). 
This summary includes orchard averages and also variety averages for 
Newtown, Arkansas Black, Ortley, Jonathan, Spitzenburg, and Red 
Cheek. All varieties show a substantial increase in percentage of Extra 
Fancy fruit. On the other hand a decrease in percentage of Four-tier 
and larger has also been a feature, the average decrease ranging from 
a minimum of 3.2 percent (Ortley) to a maximum of 19.4 percent (Jon- 
athan). These figures, as is also true in Table V, refer specifically to 
orchards covered in this*survey, and should not be confused with those 
given in Table III, which refer to general orchard averages for the en- 
tire Valley. The decrease in sizes would naturally be associated with 
older trees such as those covered in the survey. The Arkansas Black 
is the only variety of the six listed which shows a favorable increase in 
size of fruit, the percentage being 5.8. 


TABLE IV. AVERAGE YEARLY PERCENTAGE OF EXTRA FANCY FRUIT 
AND SIZES FOUR-TIER AND LARGIOR FOR THE TWO THREE- 
YEAR PERIODS 1913-1915, AND 1916-1918 INCLUSIVE 


(See also Table V on grades.) - 


Percentage extra fancy 
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Orchard Groups, Extra Fancy. Table V arranges the growers into 
groups according to the percentage of Extra Fancy fruit produced upon 
a six-year average. This is another fundamental classification against 
which related factors are checked in later tables. Those averaging above 
51 percent Extra Fancy are placed in Group I; those with 41 to 50 per- 
cent in Group II; those below 40 percent in Group III. Taking orchard 
averages, 23.1 percent of the growers average 55 percent Extra Fancy; 
50 percent of growers average 44.9 percent; and 26.9 percent average 
35.3 percent. The figures also point out strongly that it is apparently 
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easier to produce a higher percentage of Extra Fancy Newtowns than 
any of the other varieties listed. For example 42.5 percent of the New- 
town growers produce 54.9 percent Extra Fancy as contrasted with 23.4 
percent Spitzenburg growers with an average of 55.2 percent. On the 
other hand only 14.9 percent of the Newtown growers average as low as 
34.9 percent Extra Fancy as compared with less than 33.6 percent Ex- 
tra Fancy from 42.6 percent of the growers of Spitzenburg, 36.4 percent 
Arkansas Black, 31.2 percent Ortley, and 28.6 percent Jonathan. 


TABLE V. DISTRIBUTION OF GROWERS SHOWING RANGE IN PER- 
CENTAGE OF EXTRA FANCY FRUIT AND FOUR-TIER SIZES 
FOR THE PERIOD 1913-1918 INCLUSIVE. 

(See Table IV for further data on grades and sizes.) 
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Orchard Groups, Four-tier Sizes. The orchards have also been 
grouped according to their record in producing Four-tier sized fruit (125 
to box and larger). This is an important consideration, the larger fruit, 
as shown in Table VI giving much higher net returns. Those growers 
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producing above 61 percent Four-tier fruit are placed in Group I; those 
ranging from 41-60 percent constitute Group II; and those below 40 
percent, Group III. The average distribution in this respect shows up 
better for Spitzenburg than for Newtown, there being 19.9 percent of 
the former growers in Group I as compared with 6.45 percent for the 
latter. This fact causes a very high percentage of Newtown growers to 
fall in Group III, 27.6 percent as compared with 15.6 for Spitzenburgs. 


PRICES RECEIVED FOR FRUIT 


Table VI indicates the average net price received by the fruit grow- 
er from his selling agent. The figures represent a six-year average for 
each of twenty varieties grown in the Valley. Notice is directed to the 
fact that price is indicated both upon the basis of Extra Fancy, Fancy, 
and Choice Grades and also for Four, Four-and-one-half, and Five-tier 
sizes. 


The varieties are arranged upon the basis of higher to lower prices 
a box received by the grower. It is noteworthy that the two varieties 
grown at Hood River in greatest quantity; namely, Newtown and Spit- 
zenburg, do not command the highest average price. This is true, not 
only upon a six-year-average basis, but also upon a yearly basis. Rec- 
ords show that the general rating given the different varieties upon a 
six-year basis quite closely indicates also their relative popularity from 
year to year. Delicious and Winter Banana have consistently “topped 
the market’ for six years. The former is grown only in limited quan- 
tity at Hood River, and Winter Banana does not comprise a large acre- 
age especially in the orchards studied. 


TABLE VI. AVERAGE NET PRICE PER BOX RECEIVED BY GROWERS 
FOR APPLES DURING THE YEARS 1913-1918, INCLUSIVE 
These prices are used as a working basis for determining value of fruit per 
acre and net profits as shown in later tables. 


Grade Extra fancy | Fancy Choice 
Tier 4 4% 5 4 | 4% 5 4 4% 5 

IDC GlOU SWE oes eau. 2P ells ee 1.808 | 1.528 | 1.300 | 1.377 | 1.282 | 1.050) 1.100| .985| .772 
AWWW wesg ISIN ain een cae eer ees ete 1.756 | 1.544] 1.238) 1.3881) 1.254 | 1.008] 1.024) .924) .708 
FACIES AG ws a @ Kom eee eee 1.577 | 1.363 | 1.058 | 1.400 | 1.240 | 1.000 | 1.068 | .910| .800 
WANES AID ese tert co een pe ee 1.477 | 1.302 | 1.175 | 1.248 | 1.147] 1.085] .960] .862| .692 
SDICzZen DUP eee ace ee | 1.491 | 1.324 | 1.136 | 1.259 | 1.113 | ..946] .991| .863) .721 
INTERCOM IN saaceccepeeene ete nenen Benen’ 1.368 | 1.253 | 1.099 | 1.191 | 1.098 | .924/ .976] .901| .839 
WNOLOMMR CO er tee ee ER A ES ot Oa Noncag | Hone ll paeue|| oaccs Icons | doom 
Org enie <A es ee eee -- | 1.3883 | 1.217 | 1.013 | 1.208 | 1.050) .883]) .982| .685| .625 
Gravenstein -- | 1.126} 1.009} .8381 | 1.319 | 1.205 933 | 1.042 904 650 
WOVE? 2a: Seenasosa cae Eee ae | 1.073 | 1.058 | 1.021 | 1.182 | 1.061 954 972 875 891 
DONA ea eee ere eee 1.206 | 1.120) .991| 1.038) .975| .850| .903|) .797)| .685 
ve de Ghee kemeerrers teen cece ees 1.409 | 1.227) .877|1.212|1.014| .591) .899] .761] .569 
Noxtherne'S py see eee eee elev ote lleva allaascieneye 1.138 | 1.146 840 938 853 678 
Ganow a= sreceecerce cote oeeceercemceeeaste: || osaae |l'sooad || ooaad 1.072 | .935| .758|) .848| .758)| .568 
Vea ered Fe MAB if Wee oo ae a oe ee cer .995 | .755) .690|1.016| .895| .763] .825| .676| .623 
NAGNEGS NS oh eos Rare errant) oosat || Gon06 | eoone 1.008 807 | .715| .837 700 570 
IEE Nb ab oy pee rene) are tne ae een aMae.okionoall aombe 1.001 839 699 | .788 636 611 
SENOS, ec sta gare semen Seas oe Secu Nevetaraton | eeiesa cece leone 1.015 877 | .704} .800 630 539 
DONA WA TO MEV C Cl ee = eee eee eae eel | Me at reeeil | oterersset lle ferotele 991 | .794| .682} .780|° .691| .612 
1Bxevete 1D iia pieeeeneeter eee eee tan || Aamir ||| ooboneltaee os -858 | .816) .683) .696| .611| .528 
VANCES the 2 2 eee Pe | 1.374 | 1.215 | 1.019 | 1.151 | 1.028 | 843] .917| .790| .669 


* Oregon Red is the trade name for Extra Fancy Baldwin. 


_ 


3 


PeeiOetei elapse 1s a 
ac pam 
Se Sa ee eo ele ee eee | oe = 
BleeVe a ee | aise =| lS 2s 
3 oc Poa (ve a = 
Pmt | &|*|e|o| =|8/8\~\a 
190 faa | 
[ | | 
18 | | 
1.70 at thes [ | ‘3 
eo, 
7 i 7; 
Tp 
150 al 
Tas 
40 ui de 
7 
130 td = 
120) 


Sm mee 


Fig. 3. (Supplements Table VI.) Six-year average prices paid for Four-tier Extra 
Fancy, Fancy and Choice; also for Five-tier Choice. 
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That the large-sized fruit has commanded a premium is quite clear- 
ly shown. For instance, Four-tier Extra Fancy Spitzenburgs averaged 
$1.49 a box; Four-and-cne-half-tier, $1.3824; Five-tier, $1.136. The same 
is also true of other grades. It is also notable that larger fruit in a 
lower grade commanded a higher price than a smaller apple in a higher 
grade. For instance Four-tier, Fancy Spitzenburg averaged $1.259 as 
against $1.136 for Five-tier Extra Fancy. Attention is called to the 
price paid for the following varieties inasmuch as they constitute the 
largest acreage. The price given is for Four-tier for each of the fol- 
lowing grades: Extra Fancy, Fancy, and Choice: Newtown, $1.36, $1.19, 
$0.97; Spitzenburg $1.49, $1.259, $0.99; Ortley, $1.38, $1.208, $0.98; Jon- 
athan $1.206, $1.048, $0.908; Red Cheek, $1.409, $1.21, $0.899; Arkansas 
Black, $1.57, $1.40, $1.068. Ben Davis stands last with prices ranging 
from $0.858 for Fancy to $0.696 for Choice. 

Figure 8 represents in a graphic way prices received during the 
period 1913-1918 for fruit Four-tier Extra Fancy, Faney, and Choice; 
and Five-tier, Choice. 


GROSS VALUE OF FRUIT PER ACRE AND BOX 


Orchard Groups. Table VII points out the gross annual value of 
fruit per acre and per box for the period 1913-1918 inclusive. This is an- 
other fundamental classification, in that orchards are grouped upon the 
basis of high or low money returns. Group I is composed of growers 
whose returns range from $351.00 an acre to above $600.00; 24.4 percent 
of the growers fall within this group with an average of $461.00 an acre 
or $1.29 a box. Group II represents values ranging from $251.00 to 
$350.00 per acre with an average of $290.00; 40.9 percent of the growers 
fall within this group with a box value of $1.15. Group III comprises 
84.7 percent of the growers whose gross fruit value ranges from $100.00 
to $250.00 per acre with an average of $204.00; the average value per 
box is $1.14. 


Table VII further reviews, upon a similar group basis, acre and 
box fruit values. Red Cheek stands first with a grand acre value of 
$588.00. Next in order is the Ortley with $449.00; Arkansas Black, 
$442.00; Jonathan, $373.00; Spitzenburg, $326.00; Newtown, $289.00. 
Owing to the fact that the foregoing are standard varieties they have 
been thus grouped. King, Baldwin, Ben Davis, and Black Twig are not 
considered as such at Hood River because of their limited acreage. Con- 
sequently they have been grouped together in the table. Kings lead with 
an average of $632.00, followed by Baldwin with $473.00; Ben Davis, 
$351.00; and Black Twig, $335.00. 


RELATION OF GROSS VALUE TO GRADES AND YIELDS 


Table VIII indicates the interrelations existing between gross an- 
nual value of fruit per acre (see classification Table VII) and average 
yields as expressed in packed boxes per acre; also percentages of Extra 
Fancy fruit and Four-tier sizes. Figures relate to general orchard ay- 
erages, also to Newtowns and Spitzenburgs. 

Orchards in Group I with an average value of $461.00 an acre do 
not show marked differences in percentages of Extra Fancy or Four- 
tier sizes as compared with orchards in Groups II and III, which show 
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values of $290.00 and $204.00 an acre respectively. Group I (orchard 
average) shows 46.0 percent Extra Fancy; Group II, 47.0 percent; and 
Group III, 44.0 percent. Only slight differences in percentages obtain 
between each group for both Newtowns and Spitzenburgs. Group I 
(orchard average) shows 49.0 percent Four-tier; Group 10. 51.0 per- 
cent; and Group III, 47.0 percent. Similarly, only slight differences 
are recorded in this respect between Newtown and Spitzenburg. 
Table VIII points out strikingly the big factor as related to higher 
or lower values of fruit to the acre, that of relative yields. Group I 
shows an orchard average of 365 packed boxes; Group II, 251 boxes; 
and Group III, 182 boxes or only approximately 50 percent that of 
Group I. A similar striking relation is indicated for Newtowns and 
Spitzenburgs, Group I showing 368 boxes and 370 boxes respectively; 
Group II, 230 and 263 boxes; and Group III, 165 boxes and 186 boxes. 


TABLE. VIII. RELATION OF GROSS ANNUAL VALUE OF FRUIT PER 
ACRE FOR THE PERIOD 1913-1918, INCLUSIVE, TO AVERAGE ANNUAL 
YIELDS PER ACRE AND PERCENTAGES OF EXTRA FANCY FRUIT 
AND FOUR-TIER SIZES. 

(See also Table VII. on value of fruit per acre.) 


Orchard average Newtown Spitzenburg 
ae Percent | Percent i Percent 
ae Ses | 1 
(oS) | a 
os | 
Group 4 A . i 3 | R 
& eis fy Ss 2, : fo} | = 
Wea nO a) no ge? NO aYv ss 
nos oh Dad ue oh HS wR DH HE Loar) 
Orga Cg |, Seca Seal ae dee eee onl ee a oe 
) ea) al & aa) | ic jaa) eal cay 
Ue Ae ee Soe eee 461 365 | 46 49 368 | 49 | 45 | 370 | 42 47 
dee enone 290 | 251 47 51 230 50 46 263 45 55 
HW ea ee 204 182 44. | 47 165 45 43 186 41 48 


Note—Group 1. represents 24.4 percent of the orchards studied; Group IL., 
40.9 percent ; Group III., 34.7 percent. 


RELATIVE ORCHARD ACREAGES, AGE, AND NUMBER 
OF TREES PER ACRE, PLANTING PLAN, 
AND VARIETIES 


In Table IX, the relation between yields of Extra Fancy, Four-tier 
(groups I, II, and III) and the size of bearing orchard is studied. The 
table points out unmistakably the fact that large yields and small acre- 
ages appear to be most compatible; while vice versa, small yields and 
large acreages go hand in hand. This might not be an invariable re- 
sult and probably does not obtain in all instances, but on an average the 
foregoing facts are very evident. The greatest factor is undoubtedly 
the fact that on small acreages closer supervision to details is given by 
the grower, who is usually the owner. Spraying is more timely, irri- 
gation is more thorough, etc. On the larger ranches much labor is hired, 
and often inefficiency creeps in. Yet the small grower does not necessar- 
ily possess the most economical unit. That is a matter largely depend- 
ent upon labor distribution and especially volume of business. It will 
be readily understood that where the margin of profit per box is small 
the small grower is at a disadvantage. 
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Table IX indicates that growers in Group I (386 boxes) manage only 
10.01 acres of bearing orchard; those in Group II (257 boxes) average 
14.46 acres, and those in Group III, 25.73 acres. The same relations exist 
with reference to percentages of Extra Fancy. Growers in Group I 
(55 percent) manage 16.50 acres; in Group II (44.9 percent), 17 acres; 
in Group III (35.3 percent), 23.69 acres. The relation between gross 
value of fruit to the acre and acreage closely resembles the relation al- 
ready discussed between yields and acreage. This is what might be ex- 
pected, inasmuch as high yields and high gross values go hand in hand. 


Orchardists with high average yields apparently possess a slight ad- 
vantage in that they have 76 trees an acre, as compared with 69 and 
70 trees for Group II and Group III. This fact may be considered an 
advantage while trees are comparatively young, since the ground is not 
fully occupied by the root system of trees. As trees reach full matur- 
ity, however, there is a possibility that trees set at a greater distance 
may prove equally if not more productive. 


Fig. 4 Trees set 24 feet apart on the “square”? system. They are already crowding. 
Close planting pays while trees are young but will probably react unfavorably 
as trees become older. 


SHADE CROP MANAGEMENT 


Table X shows the relation of yields, percentages of Extra Fancy 
and Four-tier, and gross value of fruit, to shade crop management. By 
“shade crops” are meant those leguminous crops which usually occupy 
the ground between the trees for one year or more. Clover is usually 
allowed to grow two years from the time of seeding, whereas alfalfa 
may be left for a number of years. The former crop is usually seeded 
with the idea of securing a quick stand to be plowed under as a “green 
manure” crop for the purpose of providing humus for the soil. On the 
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other hand it is the common conception that alfalfa gives greatest bene- 
fits after it has become fully established with a deep rooting system. 
Both crops are highly valued because of their ability to fix nitrogen in 
the soil through the agency of their “nitrifying bacteria” working 
through the nodules on the roots. In many cases the grower inoculates 
his seed with bacteria obtained from pure culture. 


TABLE X. RELATION OF YIELDS, GRADES, SIZES, AND GROSS VALUE 
OF FRUIT PER ACRE (1913-1918) TO SHADE-CROP MANAGEMENT. 


Percent of orchard in shade crop 


© 
u : co} 
Fs Alfalfa Clover | Other | Total 2 
SPA pet a means ee ae Salleh alles 
ey ol/#lf|2/8|/8)2)/8/8/ 8/8] 8) ®l es 
a a a Mt i ik Tied mi ait i yi Tile oS 
© EW ck | es) We | Gel ee |) SE |) ee e/ ila eS a) ees 
oy | Gest st > Sait loheat ol ae NN Beet Gf ce=t URIS erin lt eee MS Siren qh tnt 
S Eg ICE Me M0 a a == ee A” Wf Ue 
| Relation to Yields | | 4] Ri 
Lapeer 386.0 | 18.6 | 48.3 | 33.40 | 28.3 | 31.5 | 34.90) 3.05| .00 | 1.52 | 59.90 | 79.80 69.87 14.50 
1D asses 257.0 | 19.0 | 62.9 | 40.90 31.6 | 22.3 | 26.90) 3.50 | 1.30 2.40 | 54.10 | 86.50 | 70.30 9.9 
TIT _.. | 186.0 | 17.9 | 40.7 | 29.30 | 16.2 | 23.4} 19.80 | 2.26 | 4.04 | 3.15 | 36.36 | 68.14 | 52.25 4.30 
Relation to Percent Hxtra Fancy | | | 
5 ee ee eee 55.0 | 27.8 | 63.0 | 45.40 | 19.5 | 16.4 | 17.90 2.30| .43 | 1.36 | 49.60 | 79.80 64.71, 6.10 
MI RE oe 44.9) 11.4 | 44.5 | 27.95 | 20.6 | 27.0 | 23.80 | 2.80 20 | 1.50, 34.80 | 71.70 | 53.25 | 12.80 
III -...| 35.3 | 16.2 | 52.4 | 34.30 | 13.0 | 25.0 | 19.02 | 5.49 | 8.90 | 7.19 | 34.69 | 86.35 | 60.51 | 6.49 
Relation to Iour-tier and Larger | 
i yess 65.0} 9.4) 59.8 | 34.60 | 29.5) 15.0) 22.25|3.70| .00| 1.85) 42.60 | 74.80 | 58.70) 9.37 
ANE oy cece 51.5 | 20.7 | 57.6 | 39.15 | 25.8| 20.0 | 22.90 | 3.10] .17] 1.63 | 49.60 | 77.80 | 63.68 | 9.20 
Te 33.0 | 3.4] 21.1 | 12.25 | 19.0 | 44.8 | 31.90 | 1.50 / 1.50 | 1.50 | 23.90 | 67.30 | 45.65 4.80 
Reiation to Gross Value of Fruit per Acre | | 
i (sete 461.0} 11.4 | 69.6 | 40.50 | 31.9 | 17.2 | 24.50/ 3.40] .00| 1.70 | 46.70 86.80 | 66.70 12.40 
jee 290.0 | 17.4 | 86.0, 26.70 | 23.4 | 25.4 | 24.40 | 3.50 | 1.40 | 2.45 | 44.30 | 62.80 | 53.50 | 7.90 
TIE _. | 204.0 | 22.2 | 43.5 | 32.85 | 21.5 | 27.5 | 24.50] .60! .60| .60/ 44.30 | 71.60 | 57.95 5.90 


The data show clearly that the grower fully appreciates the value 
of such shade or green crops. The percentage of the orchard in shade 
crops on a six-year average has been obtained as follows: Since the 
total possibility for 100-percent use of shade crops during this period is 
six times the total orchard acreage, dividing the total annual acreage 
actually so employed by the product consequently gives the percentage. 
Group I (386 boxes an acre) has made approximately equal use of both 
alfalfa and clover. In the former case the percentage is 33.4 and in the 
latter 34.9, with a total six-year average of 69.8 percent. Groups II and 
III (257 and 186 boxes) have used alfalfa more than clover. Their total] 
percentages are 70.3 and 52.25 respectively. 

On an average the grower’s percentage of acres in shade crops 
plowed under is small. The orchards with the poorest average yields 
(Group III) show only 4.3 percent, whereas Group I shows 14.5 percent. 


WAGES AND LABOR CHARGES 


Table XI indicates the basis upon which orchard costs are deter- 
mined. Wages are classified under three general heads; labor, which 
indicates the price paid the ordinary “hired man”; spraying, which cov- 
ers the prevailing wages for sprayer with two men and team; and team 
work used in cultivation, cartage, etc. Labor costs have advanced con- 
siderably since 1916. The yearly average for labor is placed at $2.33 
a day; spraying, $11.33; and team work, $5.66. 
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TABLE XI. WAGES PER DAY BASIS OF LABOR CHARGES IN DETER- 
MINING COSTS OF ORCHARD OPERATION 


© 
| Average ruling wage per year | ee 
Kind of labor - - Ze 
1913 1914 1915 1916 1917 | 1918 & « 

es so nae |. : 
AWW eto piy Sates an Sa ee peers $ 2.00 | $ 2.00 | $ 2.00 | $ 2.50 | $ 2.50 | $ 3.00 | $ 2.88 
Spraying (3-man outfit) | 10.00 10.00 10.00 10.00 13.00 | 15.00 | 11.33 
Ayana KONMse Casere tases eee | 5.00 5.00 | 5.00 6.00 6.00 | 7.00 | 5.66 


COST OF MATERIALS USED 


Table XII shows the basis upon which the cost of materials used in 
apple production has been computed. The figures given represent an 
average for the five years (1914-1918). All materials have shown a 
substantial increase in price varying approximately from 10 to 30 per- 
cent. Miscible oil and lime-sulfur are figured on a uniform basis of 100 
gallons. The former cost $34.80 and the latter $14.16. The cost of lead 
arsenate paste has been $8.06 for 100 pounds; powder, $19.87; whale- 
oil soap $9.17; copper sulfate, $12.25; quicklime, $0.96. Nitrate of soda 
has been used to a considerable extent in the Valley since 1915 and 1916. 
During those years the price was $60.00 a ton. Its average is $92.00. 
The “Beaver Brand Mixed Fertilizer”, sold in considerable quantities 
during the first two years covered by the survey, averaged $55.00 a ton. 
TABLE XII. AVERAGE COST OF MATERIALS USED IN ORCHARD OPE- 


RATIONS, AVERAGE FOR FIVE YEARS. USED AS BASIS OF PRO- 
DUCTION COSTS. 
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NITRATE OF SODA AND MANURE APPLIED, 
LIVESTOCK—COSTS 


Table XIII shows the status of fertilizer practices in Hood River 
Valley. Nitrate of soda has been used by practically all growers in 
amounts varying from 2 to 6 pounds a tree. In some cases individual 
growers have used 8 pounds in a single application. As a rule the 
grower applies 3 pounds in early March to a full-grown, bearing apple 
tree. In some cases annual applications are made. In other cases such 
fertilizer is applied during the year when a heavy crop of apples is ex- 
pected. The Hood River Experiment Station has been testing nitrate of 
soda and other fertilizers for a number of years under typical condi- 
tions.° 


‘Results of these tests are summarized in Oreg. Agric. Col. Exp. Sta. Bul. 166, 
Fertilizers for Oregon Orchards; in the 1914-1915 Report of the Hood River Branch Ex- 


periment Station; and in Oreg. Agric. Col. Exp. Sta. Bul. 141, Report of the Hood 
River Branch Experiment Station for 1916. 
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Briefly, the conditions under which fertilizers were first applied to 
Hood River orchards were as follows. Clean cultivation was for many 
years the established practice; the result was, that the humus content 
and the available nitrogen of the soil both became very low. The phy- 
sical condition of the soil underwent a marked change in that it puddled 
or baked easily, lacked water-holding capacity, and on hillsides was 
subject to erosion. Under these abnormal conditions trees failed to 
make a satisfactorily growth. Fruit spurs lacked vigor, and a high 
percentage of blossoms failed to set their fruits. Fruit was of deep 
color but small; yields were abnormally small. 


TABLE XIII. RELATION OF YIELDS AND GROSS VALUE OF FRUIT PER 
ACRE (SIX-YEAR ANNUAL AVERAGE) TO USE OF NITRATE OF 
SODA AS FERTILIZER, NUMBER OF LIVESTOCK PER TEN-ACRE 
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Experimental work with nitrate of soda very quickly indicated that 
nitrogen was the limiting factor. When this was applied, trees took 
on renewed vigor. Terminal growth was good. Fruit spurs became 
vigorous, and a high percentage of the blossoms retained their fruits 
until maturity. Large, green, vigorous foliage resulted. There was a 
marked increase in size of fruit on fertilized trees. With Spitzenburg, 
however, repeated applications of nitrate of soda tended somewhat to 
decrease the deep red color. 

When two or three successive annual applications of nitrate of soda 
had been made it appeared that excessive use of this fertilizer could 
easily be made. There was evidence to support the view that by so do- 
ing deep color in Spitzenburgs might be unduly sacrificed and possibly 
keeping quality impaired. There appeared to be a danger, moreover, 
that trees might be “thrown out of balance” in that the trees’ energies 
would be diverted into excessive wood-growth instead of properly pro- 


portioned fruit production. 
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On the other hand in the experimental orchards referred to shade 
crops such as clover or alfalfa were introduced. The former were grown 
largely for turning under in order quickly to restore humus, while alfal- 
fa was seeded with the view of keeping it in the orchard for many years. 
These two soil practices are, therefore, essentially distinct. 

Table XIII shows the relation of fertilizer practices to yields and 
gross value of fruit to the acre. The striking fact brought out is that 
on a six-year average comparatively small amounts of nitrate of soda 
have been used. No apparent relation is established, that would tend 
to show that one group of growers secured larger returns than another 
group because of more or less nitrate used. As a matter of fact, Group 
III representing poorest averages both in yields and in value of fruit 
has both a minimum and a maximum average application per tree, ex- 
ceeding that of Groups I and II. 


TABLE XIV. RELATION OF YIELDS, SIZES, AND GROSS VALUE OF 
FRUIT PER ACRE (SIX-YEAR ANNUAL AVERAGE) TO PERCENT- 
AGE OF ORCHARD CULTIVATED, COSTS PER ACRE AND BOX. 

(See Table XI. for labor costs.) 
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Note: The cost of rilling for irrigation is not included. 


If all the nitrate of soda used were distributed over the grower’s 
entire acreage annually the grand average for six years would be only 
37.2 pounds an acre and 0.49 pounds a tree. Figures have been present- 
ed in this manner since this is a six-year average survey. It is worthy 
of note that nitrate, up to and including 1918, was used only 1.47 years. 


The minimum average of pounds applied per tree is 2.11, with a maxi- 
mum of 2.60. 
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Livestock. The number of livestock maintained, including horses 
and cattle, has been figured on a ten-acre basis. The percentage of the 
orchard annually manured from these is also indicated. The figures 
show that only 13.9 percent of the land is thus treated. Differences ex- 
isting between the three groups would not be sufficient to merit any 
conclusions with reference to this practice. The fact that an abundance 
of humus is furnished the soil by means of clover or alfalfa would prob- 
ably tend to minimize the importance of this fertilizer. The average 
cost of nitrate of soda has been placed at $1.71 an acre or $0.0064 a box. 


CULTIVATION 


Following the cessation of clean cultivation as an annual orchard 
practice and the introduction of shade crops, the amount of plowing, 
harrowing, and disking has been very materially reduced. Table XIV 
shows the relation of these practices to yields, percentages of Four- 
tier apples, and gross value of fruit to the acre. The shade-crop method 
of management is such that little cultivation would be necessary or ad- 
visable at certain stages of development. Where alfalfa is seeded it is 
usually inadvisable to cultivate for at least two years, for the reason 
that the plants are small and the root system unable to stand heavy 
disking or harrowing such as is given older plants. The customary 
practice is to double disk or harrow thoroughly with a spring tooth. The 
aim is to kill weeds and tear out grassy sod; also to subdivide the 
crowns and thus thicken the stand. Where this practice is not followed, 
alfalfa has difficulty in becoming vigorous since grass becomes excess- 
ive. Grass also tends to take up much nitrogen needed for tree growth. 
Trees growing under such conditions are less responsive to applications 
of nitrate of soda than those growing under more favorable conditions. 
The table shows that for the period 1913-1918 the average percentage of 
the orchard plowed was only 3.1, harrowed 50.2 (once over) and disked 
25.1. The average annual cost for all operations is $0.877 an acre and 
$0.00338 a box. 


IRRIGATION 


Irrigation for apple orchards in Hood River Valley has fundamental 
importance. Rainfall for the entire year, though ample, is not suffic- 
iently well distributed during the summer months to permit ample tree 
growth and maximum production. When orchards were young, irriga- 
tion was not a serious factor. Clean cultivation served to conserve 
enough moisture for all requirements; however, as stated, this system 
of cultivation depleted soil fertility. 

Since the introduction of alfalfa or clover in the orchard the mois- 
ture requirements have practically doubled. This varies according to 
the age of plants and method of handling. Where alfalfa is cut for hay 
it is evident that maximum moisture requirements prevail. The custom- 
ary practice is to make at least one cutting for hay during early sum- 
mer. A second cutting is often made before picking time, but the hay 
is not removed. The aim of such a practice is to permit organic matter 
to return to the soil. Thorough disking during early spring is the usual 
method of incorporating such organic matter within the soil. Such a 
practice also tends to discourage weed seed dissemination, and to form 
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a mulch. Some growers do not cut alfalfa in the orchard, for thus 
the moisture requirements are greatly reduced. Since alfalfa, when 
allowed fully to mature, returns more plant food to the soil than when 
it is cut at an earlier stage of development, it seems reasonable that 
the practice of not cutting should afford better results. 


Table XV indicates the relation of yields and value of fruit to the 
topography of soil, number and character of irrigations, labor require- 
ments, and costs per acre and per box. The lands upon which orchards 
are located are classified as steep, rolling, steep-rolling, and level. It 
will be noticed that apparently the land factor is not one of great im- 
portance as far as yields are concerned, there being representatives in 
every class. This is not to be construed as meaning that one location 
is as favorable as another. Facility in irrigation, air, and soil drainage 
are factors of fundamental importance, usually favoring orchards on 
rolling land. The topography of the entire locality is of greater im- 
portance, however, than that of any individual orchard. 


Number of Irrigations. The grower applies from two to four irri- 
gations per season depending upon the rainfall, soil culture, shade 
crops, etc. The majority of those in Group I (yields) average more 
than four irrigations annually. The average number of irrigations for 
each group is approximately the same, varying from 3.53 to 3.68. A 
common method is to combine the rill and flood methods where topog- 
raphy will permit. Of the growers in Group I (yields) 26.6 percent 
employ the combined methods; in Group II 22.2 percent; and in Group 
III 24.52 percent. 


Labor Charges. Striking differences appear under labor charges, 
“man days per acre” for irrigation. Therein probably lies one of the 
fundamental causes for differences in results. It is apparent that 
where the total supply of water is only four ‘‘miners inches” to the 
ten-acre unit, economy in application must be practiced. Such economy 
is obtained in careful attention to details such as the proper making of 
rills, the head of water used, etc. Often water is allowed to run in one 
part of the orchard too long. The result is a failure to irrigate the 
orchard with sufficient frequency and regularity to maintain uniform 
soil moisture. Again, an insufficient head of water permits waste near 
the flume and an insufficient supply to trees at the other end of the 
row. Proper supervision of irrigation requires very frequent inspec- 
tion of factors mentioned. Group I (386 boxes) shows an average of 
2.79 man days per acre per season; Group II (257 boxes), 2.07 days; 
Group III (186 boxes), 1.57 days. In other words, Group I spends 78 
percent more time each season supervising approximately the same 
number of irrigations than Group III. The same point of view is well 
illustrated under the “Value per Acre” classification. Group I spends 
2.35 days per acre; Group II, 1.99 days; Group III, 1.51 days. 


SPRAYING 


Spraying is a fundamental orchard practice. Much progress has 
been made during the past few years in methods of application, com- 
binations, dilutions, and timeliness. This is reflected in higher percent- 
ages of Extra Fancy fruit. The most striking introduction has been the 
use of the “spray gun” in place of the long, cumbersome spray rod. 
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Greater efficiency in the use of labor and material has resulted. During 
nearly the entire period covered by this survey the three and one-half 
horse-power sprayer with two spray rods was used. The same machine 
has now been supplanted by one “spray gun” or replaced by a larger 
machine, usually ten or fifteen horse-power, capable of furnishing two 
or three guns with a capacity of approximately fifteen gallons a min- 
ute. The spraying practice in Hood River Valley is quite uniform, prac- 
tically all growers conforming to a set schedule. The 1919 spray calen- 
dar of the Hood River Branch Experiment Station is quite similar to 
that used in 1917 and 1918-and is used as a basis. This schedule ad- 
mits nine different sprays, covering the possibility of having to combat 
practically all important insects and fungous diseases. The average num- 
ber of sprays is from six to seven. 
TABLE XVI. RELATION OF YIELDS PER ACRE, PERCENTAGE OF 
EXTRA FANCY, AND GROSS VALUE OF FRUIT PER ACRE (1913-1918 
ANNUAL AVERAGE), TO NUMBER OF SPRAYS, GALLONS PER ACRE 


AND PER TREE ANNUALLY APPLIED, LABOR AND MATERIAL 
COSTS PER ACRH AND PER BOX. 
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* Based on use of rods in spray control. 
+ Costs are based on the spray gun equivalent (3% horse-power, one gun) 
of a similar outfit with rods. The latter method prevailed during a major portion 
of the six years covered in this survey. Labor charges include those of man, 


team, and machine. 

Spray Calender. The first application is miscible oil, used at the 
rate of 8 to 100 (16 to 100 if weather is very warm and dry). The 
second spray is known as the delayed dormant. In this, lime-sulfur, 
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32 Baume degrees, is used at the rate of 1-30. This spray is for apple- 
scab and mildew. For brown aphis add nicotine sulfate, 1 to 1200. 
The third spray is applied as the blossoms are showing pink. This 
spray is also for fungus and mildew. Lime-sulfur is used 1 to 35. The 
fourth spray is a calyx application for fungus, mildew, and codling-moth. 
For the two former, lime-sulfur is used, 1 to 40. For codling-moth, 
lead arsenate paste is used 4 to 100. Powdered lead is used 2 to 100. 
In the fifteen-day application lime-sulfur is used, 1 to 50, for fungus! 
and mildew, when necessary and weather permitting. This is applied 
usually not later than fifteen days after the calyx spray. The sixth or 
thirty-day application combats codling-moth and possibly green aphis 
or woolly aphis. Lead arsenate paste 4 to 100 or powdered lead 2 to 
100 and nicotine sulfate 1 to 1200 are used. The seventh or July spray 
is sometimes applied to combat green or woolly aphis. Tobacco (1 to 
1200) and soap (3 pounds to 100 gallons) are used. This is not a regu- 
lar spray. The third codling-moth spray uses arsenate of lead in simi- 
Jar strength to that shown above. For anthracnose and late fungus, 
bordeaux mixture 3-4-50 is added. A fall application for anthracnose is 
made after the apples are picked. In this, bordeaux 6-6-50, winter 
strength, is used. ; 


Amount of Spray Material Used. Table XVI summarizes the rela- 
tion of yields, percentages of Extra Fancy fruit, and gross value of 
fruit per acre to spraying practices. Striking differences in amount of 
spray material used by the different groups is brought out. Group I 
(yields) shows an average of 2015 diluted gallons to the acre annually; 
Group II, 1923 gallons; and Group III, 1381 gallons. On a tree basis 
this is 27.45, 27.21, and 20.26 gallons for each group respectively. Under 
Extra Fancy, Group I shows 2181 gallons an acre or 29.34 a tree; Group 
II, 1653 an acre or 23.56 gallons a tree; and Group III, 1592 gallons an 
acre or 24.0 a tree. A similar relation is pointed out under ‘Value of 
Fruit per Acre.” 


The data presented are in harmony with the results reported by Childs.* 
In a comparative spraying test in two typical 14-year-old orchards, cov- 
ering two seasons, the author reports having used an annual average 
of 48.6 gallons a tree in Orchard 1 and 30.7 gallons in Orchard 2. In 
the first case the average was 6.08 gallons a tree each spray, and 4.39 in 
the second. The cost of material and labor in the first case was $0.799 
a tree and $0.552 a tree in the second. The apparent saving was there- 
fore $0.257 a tree in favor of Orchard 2. These figures have been check- 
ed against net results as measured in the amount of clean fruit. Orch- 
ard 1 obtained maximum results in pest control. This has not been true 
with Orchard 2. In reducing the amount of spray material used its ef- 
fectiveness has been reduced to such an extent that annual loss has 
amounted to nearly twice the total season’s spraying charges. 

Concretely, the second orchardist saved 24 cents a tree in spraying 
charges but lost 104 cents more in fruit than the first orchardist. For 
the second grower the additional spraying cost netted 495 percent. This 
principle is reflected strongly in Table XVI. Group III is credited with 
only 35.3 percent Extra Fancy as compared with 55.0 percent for Group 
I. It is apparent that the saving of $8.90 an acre annually for material 


*Oreg. Agri. Exp. Sta. Bul. 171, Spray Gun vs. Rod and Dust in Apple Orchard 
Pest Control, by Leroy Childs. 
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will not offset this. Lower percentages of Extra Fancy are always re- 
flected in higher percentages of culls and cookers, resulting in lower av- 
erage yields of boxed fruit. Notice how this is reflected in costs per 
box. Group I (yields) spends $30.46 plus $12.72 or $43.18 an acre an- 
nually but only $.112 a box; whereas Group III spends $20.87 plus $8.45 
or $29.32 an acre with a box cost of $0.157. The grand average cost 
a box for spraying is $0.141. Costs are based on the spray-gun equiv- 
alent (three and one-half horse-power, one gun) of a similar outfit with 
rods. Labor charges include those of men, team, and machine. 


PROPPING 


Table XVII summarizes pruning, thinning, and propping. These 
practices are very important and are more or less closely related. The 
amount of propping of course depends upon the amount of fruit carried 
by the tree, length and strength of bearing wood, and the location of the 
fruit. If the fruit is carried terminally at the end of long weak limbs, 
propping is necessary either to avoid broken limbs or bruised and 
scratched fruit. In nearly all cases wooden props are used for this 
purpose; some growers use twine, which by means of hooks fastened 


TABLE XVII. RELATION OF YIELDS, SIZES, AND GROSS VALUE OF 
FRUIT PER ACRE (1916-1918 ANNUAL AVERAGE) TO PERCENTAGE 
OF ORCHARD PRUNED, THINNING, AND PROPPING, INCLUDING 
COSTS PER ACRH AND PER BOX. 
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to certain limbs and a central limb or pole holds up the fruit in an ex- 
cellent manner. In most cases, however, this practice has been discon- 
tinued because twine has been costly. The number of props will vary 
in number and length. Where trees are structually strong, as few as 
two or three wooden props may be required. Under less favorable con- 
ditions as many as ten or fifteen props a tree are required. As a rule, 
Newtowns require fewer props than do Spitzenburgs. This is because 
the trees are structually stronger and, having a green or yellow apple, 
require less sunlight than do colored varieties such as Spitzenburg. The 
customary method is to begin propping when fruit is one-half to two- 
thirds full size. At that time the owner distributes props by wagon 
throughout the orchard, then places them where needed. The placing of 
props requires good judgment to secure best results with as few as 
possible. 


THINNING 


Thinning is another fundamental orchard practice requiring 
thoroughness, timeliness, and good judgment. There are several aims 
which the grower usually has in mind when doing this work. One is, 
that such a practice tends to promote annual bearing; in other words, 
removing fruit entirely on some spurs will tend to cause such spurs to 
fruit during the following year rather than to overbear one year with 
little or no fruit the next year. 

Data compiled at different experiment stations throw serious doubt 
upon this conclusion. At the West Virginia Experiment Station’ thin- 
ning experiments were conducted for a number of years. Thinning did 


not promote annual bearing and where over-thinning was practiced 
yields were reduced. 


Both Yellow Newtown and Spitzenburgs are alternate bearers as 
far as individual fruit spurs are concerned. The spur blooms and pro- 
duces fruit one season but as a rule a fruit bud is not formed on the 
same spur during the same season. Vigorous spurs, favorably located, 
will during the following year produce a fruit bud and again fruit with 
one barren year intervening. There are many spurs which do not fruit 
more often than every three or four years. In case a very high per- 
centage of buds bloom the one year, an undesirable condition is brought 
about. Such trees tend to be irregular since only a comparatively few 
spurs remain to bloom and bear fruit during the following year. Such 
a habit is objectionable in that heavy thinning is required to produce 
marketable fruit one year without the prospect of much fruit on the 
following year. 


When this habit and the limitations accompanying the benefits from 
thinning are understood the natural tendency is to leave as much fruit 
as possible. Up to a certain limit this is justifiable and a good practice. 
It is desirable to leave as much fruit as the tree is capable of carrying 
and maturing in good marketable form. When an excess load is allowed, 
trees break down unless well propped and the sizes run small. Spitzen- 
burgs vary in their habits. In some orchards they are decidedly alter- 
nate bearers, but in others a well-distributed bloom occurs each year. 
This results in minimum costs for thinning. 


°W. Va. Exp. Sta. Bul. 162, Five Years Investigations in Apple Thinning, by 
E. C. Auchter. 
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Thinning is usually done during the latter part of June or the 
early part of July. Previous to this time the “June drop” has occurred, 
and scab or insect injury is apparent. Thinning then can be directed 
against malformed apples or those injured in other ways. Men, women, 
and large children engage in thinning. 


PRUNING 


Pruning is directly related to spraying, thinning, and propping. It 
may be so done as to facilitate work in either of the other practices. 
Many growers do their heavy pruning previous to a heavy crop. With 
Spitzenburgs this consists of considerable heading back to hold in check 
excessive terminal growth. With Newtowns thinning out is more the 


Fig. 6. One reason for cull apples. Tree greatly in need of pruning to permit sunlight 
to enter and facilitate proper spraying. Such trees produce small apples of poor 
color, often wormy. 


general rule since this variety tends towards lateral growth. A com- 
bination thinning and heading is given both varieties as occasion may 
demand. Pruning directly aids thinning since many fruit buds can be 
removed in one operation, but considerable differences of opinion exist 
with reference to methods of pruning. Many are inclined to over-prune 
and thus reduce the bearing area. It is obvious that the grower must 
have three or four times as many spurs as fruits if he is successfully to 
combat irregular bearing. On the other hand, some growers go to the 


32 


other extreme in failing to prune enough. No set rule can be laid down 
which will cover all cases. Generally speaking, one may safely avoid 
heavy pruning while the trees are young and vigorous, especially thinning 
out. This would be true with yellow or green apples. Red apples 
would need at least a light thinning out. One grower of Newtowns fifteen 
years old who had very large yields on a six-year average practically did 
no pruning on his trees between the ages of six and twelve years with 
the exception of removing a few large lower limbs which interfered 
with cultivation. With a maximum fruit-spur system and vigorous 
trees very large yields have been secured. Such a plan has not, however, 
been without its disadvantages. Fruit spurs in the lower portion of the 


Fig. 7. Spitzenburgs well pruned. Such trees are more easily propped, sprayed, and 
thinned, resulting in more fruit of higher quality. Alfalfa is here employed as 
a “shade crop.” a 


trees have become weakened through excessive shading and do not today 
function vigorously. Thus the tendency is for fruit wood to extend 
further and further out on the main limbs where it is less easily thinned, 
sprayed, or propped. This is a condition into which many of the older 
orchards have fallen, that of having long barren areas in the lower por- 
tion of the tree devoid of fruit spurs. It is difficult, if not actually 
impossible to restore such fruiting wood in the area mentioned, chiefly 
because any rational plan of pruning is too far removed from the area 
to be influenced. Unusually heavy pruning removes practically all new, 
thrifty, bearing wood and promotes an excess of “suckers” which in turn 


do not come into fruiting or may produce a few weak spurs after possibly 
several years of waiting. 
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For older trees the data brought out in Table XVII are very consist- 


ent with well-established recommendations of able horticulturists. The ~ 


more nearly the grower approaches annual pruning the more satisfactory 
and uniform have been results. Group I (yields) averages 78 percent of 
the orchard annually pruned; whereas, Group III averages only 48.7 
percent. Such regularity of pruning as is seen in Group I is likewise 
supported from a strictly scientific point of view. It is a well-established 
fact that the greatest influence of pruning is always near the cut. In 
other words, a large number of small cuts (local pruning) removing in 
the aggregate the same amount of wood as a few large cuts (bulk 
pruning) have a better and more uniform influence than the latter prac- 
tice. Annual pruning more closely approximates local pruning, whereas, 
biennial pruning approximates bulk pruning in that less wood need be 
removed at one time. The influence of the first practice is more steady 
and uniform. Such a practice would not necessarily eliminate the possi- 
bility of doing more heavy pruning before a heavy crop year. 

Greater thoroughness or regularity in pruning has been accompanied 
by more time spent in thinning. This fact might seem inconsistent with 
the idea that pruning saves in thinning costs, but not necessarily so. A 
great deal of haphazard, hit-or-miss thinning is done in some orchards. 
Such methods or labor standards are not to be compared with more 
consistent, thorough work. Furthermore, orchards in Group I having a 
greater average yield would naturally require more time in thinning than 
orchards in Group III, which have less than 50 percent as much boxed 
fruit as Group I. Trees in Group III often have a poor bloom or poor 
“set” of fruit necessitating little or no thinning. 

The foregoing facts are strongly supported in the figures presented 
in Table XVII. Group I (yields) averages 2.94 man days an acre in 
thinning; Group II, 2.18 days; Group III, 1.36 days. As will be noted, 
although Group I spends more per acre in both pruning and thinning, 
the costs per box are mucn less than the other two groups in the tormer 
instance and approximately the same in the latter. 


Likewise Group I (yields) calls for more time in propping than the 
other orchards. The average man days an acre is 1.08 as compared with 
0.98 for Group II and 0.82 for Group III. Similarly, costs to the box are 
$.0068 for Group I; $.0088 for Group II; and $.0103 for Group III. 


Relations between the different groups similar to that given above 
are noted under “Percent Four-tier” and “Value per Acre.” The grand 
average percentage of the orchard annually pruned is 60.6 at a cost of 
$5.28 an acre and $.020 per box; thinning 1.9 man days an acre costing 
$4.43 an acre and $0.0167 a box; and propping 0.92 man days an acre, 
costing $2.14 an acre and $0.008 a box. 
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SUMMARY 


(1) This bulletin is a six-year summary of apple-orchard economics 
and practices in Hood River Valley. The period covered extends from 
1913 to 1918. Studies of two distinct three-year periods are also includ- 
ed; namely, 1913-1915 and 1916-1918. The former period is characterized 
by lower yields and grades of fruit, together with less efficiency in 
practices than was true of the latter period. Soil practices and irriga- 
tion and spraying programs have undergone considerable changes, re- 
sulting in greater yields and cleaner fruit. 

(2) The general orchard average in packed fruit was 215 boxes 
annually for the period 1913-1915 and 314 boxes for 1916-1918. The six- 
year average is 264 boxes. The six-year average yield for the following 
varieties is also noteworthy; Delicious, 710 boxes; Baldwin, 504; Red 
Cheek, 500; Black Twig, 473; Ortley, 400; Winter Banana, 385; Jonathan, 
376; Arkansas Black, 322; Spitzenburg, 256; and Newtown 238 (Table 
I). Culls and cookers are not included. 


(3) <A wide variation in yields is recorded. Of the different or- 
chards 25.0 percent (Group I) have a six-year annual average of 386 
packed bexes; 37.5 percent (Group II), 257 boxes; and 37.5 percent 
(Group III), 186 boxes. Likewise, eight of the more important varieties 
are similarly rated (Table ID). 


(4) The grand average Extra Fancy for the Hood River Valley is 
34.6 percent (1913-1915) and 47.0 percent (1916-1918). The six-year 
average is 40.8 percent (Table IID. The average percentage Extra 
Fancy for those orchards included in the survey is 39.6 percent (1913- 
1915), 49.8 percent (1916-1918), with a six-year average of 44.7 percent 
(Table IV). 


(5) The grand average Four-tier for the Valley is 59.6 percent 
(1916-1918). The six-year average is 53.6 percent (Table IID. The 
average percentage Four-tier for the orchards surveyed is 56.6 percent 
(1913-1915) and 44.2 percent (1916-1918), with a six-year average of 
50.4 percent (Table IV). 


(6) Orchards are rated according to their six-year record in pro- 
ducing a high or low percentage of Extra Fancy and Four-tier size 
fruit. Group I, representing 23.1 percent of the growers, averages 55.0 
percent Extra Fancy; Group II, representing 50.0 percent of the grow- 
ers, averages 44.9 percent Extra Fancy; 26.9 percent of the growers 
average 35.3 percent Extra Fancy (Table V). 


(7) Similarly orchards producing 65.0 percent Four-tier fruit, rep- 
resenting 17.8 percent of the growers, are classed in Group I; 62.9 per- 
cent of the growers are found in Group II, with an average of 51.5 
percent Four-tier; and 19.3 percent of the growers are found in Group 
III, with an average of 33.0 percent Four-tier (Table V). 

(8) Delicious, Winter Banana, Arkansas Black, Winesap, Spitzen- 
burg, and Newtown have relatively the highest average record of net 
prices received on a six-year basis, Delicious standing first with $1.808 
a box for Four-tier, Extra Fancy. A complete summary of prices is 
given in Table VI and Fig. 1. 

(9) Orchards are rated according to the gross annual value of 
packed fruit to the acre (1913-1918). Group I, comprising 24.4 percent 
of the growers, shows a value of $461.00; Group II, 40.9 percent of the 
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growers, shows $290.00; and Group III, 34.7 percent of the growers, 
shows $204.00. The grand average acre value is $304.00 an acre or $1.18 
a box. Ten varieties are similarly classified (Table VII). 


(10) The relation of gross value of fruit to percentages of Extra 
Fancy, Four-tier, sizes and yields is tabulated. Yields are shown to be 
the greatest factor. High yields and high values are consistent factors, 
as is likewise true of small yields and low values (Table VIII). 


(11) The average age of apple trees covered in this study was 15.6 
years in 1918; the average acreage of bearing trees is 17.94, non-bearing, 
4.05; the average number of trees per acre 71. Highest yields (Group 
I) come from orchards averaging 10.01 acres. Lower yields (Groups 
II and {II) are associated with larger acreages (Table IX). 

(12) The prices of both labor and materials have been unstable 
factors during the period covered in this survey. Average common labor 
is placed at $2.33 per day; lime-sulfur and miscible oil at $14.16 and 
$34.80 per 100 gallons respectively (Tables XI and XII). 

(13) Nitrate of soda has in general been used lightly, the grand 
average being 37.2 pounds an acre and .49 pounds a tree. No striking 
relations between the different groups are indicated. Horses and cattle 
do not occupy a prominent position in respect to orchard management 
(Table XIII). 


(14) The percentage of the orchard annually plowed, harrowed, 
and disked as related to group averages is studied. Comparatively 
little plowing has been done, having been largely replaced by harrowing 
and disking in early spring. No striking differences between the groups 
is brought out (Table XIV). 

(15) Topography of the orchard has not been a factor of great im- 
portance as far as yields are concerned. Striking differences are noted 
with reference to irrigation. Orchards with high average yields (Group 
I) employ 2.79 man days an acre a season as compared with orchards of 
lew yields (Group III, which employ 1.57 man days). Approximately 
the same number of irrigations a season are given by orchards in each 
group. Herein lies one limiting factor in production (Table XV). 

(16) Spraying practices differ widely. Group I (yields) applied 
2015 gallons an acre annually as compared with only 1381 gallons for 
Group IIi. Similar differences are noted under a study of Extra Fancy 
and gross value of fruit. This is another limiting factor in production 
(Table XVID. 

(17) Pruning, thinning, and prepping are studied (Tabie XVII). 
Orchards in Group I (yields) average 78 percent of the orchard annually 
pruned as compared with 48.7 percent for Group III. 

(18) The survey as a whole standardizes orchard management 
upon the basis of merit. It points out striking differences in management 
as related to high or low standards of success. Its most hopeful feature 
lies in the fact that remedial steps may be taken by many orchardists 
to better their condition. 
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SUMMARY 


Methods of wintering growing steers not only determine the 
gains made during that period, but also influence in a large degree, 
the gains made during the grazing season, as well as the age, final 
weight, and quality of the cattle when ready for market. 


Steers that have been wintered lightly as calves and yearlings, 
do not weigh as much when finished as do those that made larger 
gains during the winter feeding period. 


Fat calves or yearlings from the winter feed lots made less 
gains than thinner cattle during the growing season. 


Growing steers making large gains during the winter, lose 
practically one-half of this advantage gained over the lighter fed 
steers, owing to the small gains made during the grazing season. 


Young growing steers should hold their own during the win- 
ter, but large gains during the winter feeding period are neither 
necessary nor desirable unless they can be made economically. 


Gains made on grass are always cheaper than those made on 
winter feeds; hence growing steers should be kept on grass for 
the longest possible time during the grazing season. 


The feeding of grain is necessary in the production of baby 
beef, but is not recommended with growing steers that are to be 
turned out on grass. 


In sections where plenty of range is available for grazing 
purposes marketing steers as baby beef is less profitable than 
marketing them as two- or three-year olds. 


Alfalfa hay is the standard ration for wintering cattle and 
the one with which all other rations are compared. 


Silage alone can be used as a winter ration, but better results 
are obtained when silage is fed in connection with some protein 
supplement, such as alfalfa hay or cottonseed cake. 


Straw supplemented with cottonseed cake, with or without 
silage, or with silage alone, can be used for wintering purposes, 
in cases of emergency, with economic results. 


Growing Steers 


The object of these tests was to determine economical methods of 
growing beef steers, both as calves and yearlings, using common feeds 
for winter rations, grazing on the range during summer months and on 
stubble and meadow pastures during the fall. A complete record was 
kept of feeds and gains for summer, fall, and winter periods. 

Three distinct and separate tests were conducted, although all three 
were along similar lines. The first test began December 22, 1916, with 
six lots of twelve weanling calves each. The various lots were sold 
when ready for market. One lot was sold for baby beef at the end of six 
months, two lots were sold a year later, while the three other lots were 
on test for 2 years and 2 months, when the steers, at the time of sale, 
were almost three years old. In the fall of 1917 a second test with five 
lots of twelve calves each was started and in the fall of 1918 a third 
test, with five lots of twelve calves each, was also started. 

All of the cattle were wintered in open feed lots without sheds, as 
shown in the frontispiece. They were watered from a stream, which 
was run through the lots in a board flume, and which was clean and 
free from ice. Each lot was supplied with straw from time to time for 
bedding. 

During the grazing season all the lots in each test were grazed to- 
gether on the same range with a view to determine the effect of various 
methods of wintering upon the gains made on grass the following spring, 
summer, and fall. Harly grazing was obtained on the station farm and 
from rented bunch-grass pastures. Summer grazing was in fenced bunch- 
grass pastures and on the National Forest. In the fall the cattle were 
pastured on hay meadows and stubble fields at the station farm. They 
were usually kept on fall pasture until quite late, but as the season ad- 
vanced the pasture was supplemented with a little hay, usually odds and 
ends, tops and bottoms of stacks. 

The cattle were usually wintered for two winters—that is, as calves 
and as yearlings—on the rations indicated; and those that were not 
ready for market by the beginning of the third winter were given a full 
ration of hay and silage and thus fattened for market as rapidly as 
possible. Most of the lots were marketed when in condition to sell at 
or near the top in the Portland market, but none of them were good 
enough to bring a premium. 


PLAN OF TEST NO. 1 


The calves used in this test were average stock calves. They were 
of mixed breeding but did not show much indication of dairy blood. 

Method of Feeding. Lot 1. Waste alfalfa from the steer fattening 
lots the first winter and a limited ration of good alfalfa the second winter. 

Lot 2. All the alfalfa hay they would eat during both winters. 

Lot 3. All the alfalfa hay they would eat with half as much grain as 
was consumed by Lot 4. 

Lot 4. All the alfalfa hay they would eat and also all the rolled 
barley they would eat for two winters. 

Lot 5. The same as Lot 4 except that they were sold as baby beef at 
the end of the first winter. 
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Lot 6. All the straw they would eat and 2 pounds of oil meal or 
cottonseed cake per day. They were given a little grain at the start to 
teach them to eat the cottonseed cake. 

The first summer all the cattle were grazed together on the open 
range west of La Grande. The range was poor and the cattle scattered 
badly. The second year they were pastured in a fenced range rented 
from Walter M. Pierce. This is usually a good bunch-grass pasture 
but the season was dry and the cattle did not do extra well. 


PLAN OF TEST NO. 2 


The calves used in this test were an exceptionally good lot of well- 
bred Herefords, purchased from Walter M. Pierce of La Grande. These 
were better in quality, breeding, and uniformity than the average run of 
range calves. 


Method of Feeding. Lot 1. Alfalfa hay, silage, and grain; all they 
would eat. 

Lot 2. Ten pounds of silage and all the hay they would eat. 

Lot 3. Ten pounds of silage, one pound of cottonseed cake, and all 
the straw they would eat. 

Lot 4. Two pounds of cottonseed cake and all the straw they would 
eat. 

Lot 5. Ten pounds of silage and all the straw they would eat. 

During both summers all lots were grazed in a fenced bunch-grass 


pasture. 
PLAN OF TEST NO, 3 


The individuals used in this test were about an average grade of 
calves and were purchased in small lots from various owners. 


Methods of Feeding. Lot 1. All the alfalfa, silage, and grain they 
would eat. 

Lot 2. Ten pounds of silage and all the alfalfa they would eat. 

Lot 8. All the alfalfa they would eat. 

Lot 4. All the silage they would eat. 

Lot 5. Two pounds cottonseed cake and all the silage they would eat. 

During the summer all lots grazed on the National Forest. 


VALUATION OF FEEDS AND METHOD OF 
FIGURING COSTS 


The time covered by these tests included not only the period when 
we were engaged in the European War, but also some pre-war and post- 
war periods. Due to the variability in both livestock and feed prices 
during this period a record of the actual cost of any of these lots would 
be of little value at the present time. An arbitrary scale of prices, 
therefore, has been used in preparing the cost charts of this bulletin. 


Pascuremes= Ree eee eee 50¢ and $1.00 per month 
PAU ited |b) 2 eee $8.00 per ton in the stack 
Silage eRe: Re eae ee $5.00 per ton 

Straw....... IL ey deh ae ee $1.00 per ton in the stack 
Grain. a ee es age $25.00 per ton 

Cottonseed cake...........00........ $50.00 per ton 


Labor of winter feeding 3¢ per head per day. 
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These prices are probably a fair average of prices prevailing at the 
present time, and the stockman in looking over these figures can easily 
make the allowances necessary for any difference there may be between 
the prices charged and the prices on his own farm. The prices and costs, 
in fact, are given only as a matter of convenience, in order that the 
reader may more easily estimate probable costs under his own conditions. 
In quoting alfalfa at $8.00 it is not the intention to assert that the actual 
price of alfalfa is, or should be, or even will be, $8.00. It is simply an 
arbitrary price used in calculating cost charts. 


Many factors enter into the problem of wintering, but the final suc- 
cess of the operation is largely determined by the final cost of the cattle, 
including interest, labor, and losses, and the quality of the finished beef. 
Since, from the standpoint of the Western market, there was not a 
great difference in the final quality of the beef of the different lots, 
we will first consider these various methods of wintering from the 
standpoint of cost per 100 pounds gain based upon the arbitrary prices 
of feed and pasture listed. Every change in feed and pasture prices 
necessarily must result in a change in the cost of beef. 


Pasture. The cost of grazing, including necessary riding and salt- 
ing, is figured arbitrarily in one case at 50 cents a month and in the 
other at $1.00 a month, in order that the reader may see what influence 
this change in price has upon the final cost of the cattle. The average 
cost of pasture has been about $1.00 a month, but cattle at the present 
market prices can hardly be expected to meet such a charge for pasture 
unless the pasture is exceptionally good. 


Hay. The cost of hay and pasture is the key to the cost of beef. 
It is generally assumed that under normal conditions the price of one 
hundred pounds of beef on the farm and the price of one ton of hay in 
the stack should be about the same. It is interesting to note, therefore, 
in these tests how the final cost of the gains compare with $8.00 hay. 


Grain and Cottonseed Cake. The price of grain was set at $25.00 a 
ton and of cottonseed cake at $50.00 a ton, since these prices not only 
represent about the present market, but are apparently fair in propor- 
tion to the prices put on hay and silage. 


Straw. The straw, of course, has no established market value and 
since it is entirely a by-product of grain growing, the cost of production 
is not often considered. A value of $1.00 a ton in the stack, however, 
seemed fair enough, and to this is added the cost of feeding. 


Silage. The price of silage was estimated at $5.00 a ton, based upon 
its approximate cost of production as compared with hay at $8.00; that 
is, there is about the same margin to the producer in silage at $5.00 as 
in hay at $8.00. The silage used in these tests was largely corn, and 
peas and bald barley. The silage was all of good quality, but the corn 
usually was frosted somewhat before siloing. There was but little silage 
made from well-matured corn, and no sunflower silage. 


Labor. The charge for labor of winter feeding at three cents a day 
is merely an estimate as to what, in our judgment, the cost would be 
under ordinary ranch conditions. It is estimated that under most farm 
conditions one man with a team will care for 200 head of cattle. 
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Interest and Insurance. Interest is figured on the entire livestock 
investment at 8 percent, the rate generally paid for money invested in 
cattle. Three percent is allowed for insurance. The cattle were not 
insured with any insurance company, but the actual loss was about 3 
percent a year, which seems about an average loss for growing cattle. 
Most of the experimental lots escaped with no loss, while others lost 
as much as three out of the twelve head. There was nothing to indicate, 
however, that the method of feeding had any bearing upon the losses, 
and therefore, in order to apportion these losses the amount of feed 
consumed and the gains made are figured only for the cattle that lived 
through the entire time of the test and a charge of 3 percent per annum 
is made against all the cattle in order to rate the losses equally among 
the various lots. Interest and insurance are charged on the initial pur- 
chase price of the calves for the entire test. Feed and labor charges, 


TABLE 1. GAINS AND COSTS OF GAINS 
Feed prices 


EV ayy apernote es ees rere eee cree ee $ 8.00 per ton Cottonseed cake... $50.00 per ton 


Slag er ee eee ese Rees, 5.00 per ton Winter laborz23. 3. 3c per head per day 
1.00 per ton Dmiteresits ctc-eecere tees aes cre ces eee eee ere 8% 
Gyan gp eee ee eee 25.00 per ton Average annual loss ...c Soe ee 3% 
Waste or light Half Full Full grain Straw and 
Test No. 1 alfalfa Alfalfa grain grain baby beef 2 lbs. c.s.c. 
Initial weight.............. 505.20 505.20 502.50 502.50 502.50 502.50 
Final weight... 1255 1343 1058 1117 798 1256 
PRO Galles ain errr ere 753 841 555 614 295 753 
Days on) testi2.-.--. 805 805 500 500 182 805 
Daily gain ....... -935 1.044 ier 1-23 1.621 95 


Cost per 100 lbs. gain 

with pasture at $1 

peremonthn..- $8.58 $9.03 $10.41 $10.87 $10.97 $8.34 
Cost per 100 lb. gain : 

with pasture at 50 


cents per month.... 7.35 7.93 9.80 10.31 10.72 7.12 
Alfalfa 
Alfalfa silage and Silage straw Straw and Straw 
Test No. 2 and grain silage and1 lb.c.s.c. 2 lbs.c.s.c. and silage 
Initial weight........... Bose Meee Moet 544 544 544 544 544 
Final weight........... pee Ree ISLA 1258 1145 1168 1148 
Wotale ga nie sas ae ee ee OSL 714 601 624 605 
Days on test.. ree ee AGO 701 701 701 701 
Dailyerainy- EA A ; ERY eA 1.018 -857 .890 .863 
Cost per 100 lbs. gain with pas- 
ECC 2a Lie Gy acer ae 7 Se ar Sees $9.16 $8.33 $7.61 $7.12 $7.04 
Cost per 100 lbs. gain with pas- 
ture at 50 cents per month_......... 8.61 WAS 6.18 5.74 5.61 
Alfalfa, silage Alfalfa Silage and 
Test No. 3 and grain and silage Alfalfa Silage 2 Ibs. ¢.s.c. 
UB OWES NK EO Secree ces Weerecasce ce eepr 489 489 489 489 489 
Binal welehtiee see 1065 1272 1240 1187 1308 
MNOS Seah Sees taentepemeres Seed SOLD. 783 T51 698 819 
Days on JES eeeroroeao srarcre ey! 740 740 740 740 
Dailyscain ere ee 2) ee ee 1.269 1.058 1.015 -943 1.107 
Cost per 100 lbs. gain with pas- 
ture ated. per months ss $8.84 $8.52 $8.71 $9.49 $9.50 


Cost per 100 lbs. gain with pas- 
ture at 50c per month................ 8.13 7.46 7.02. 8.31 8.50 
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however, were a gradual accumulation throughout the test, starting with 
nothing and gradually increasing as more feed and labor were invested. 
Interest and insurance, therefore, are charged on feed and labor for 
only one-half the time of the test. As stated before, the calves for these 
tests were purchased as weanlings; hence this publication does not deal 
in any way with the actual cost of production prior to weaning. 


It should always be borne in mind that the final cost per hundred 
pounds gain, as indicated in the various tables, includes interest and 
labor charges, and that if, for instance, the lot of steers which cost $7.93 
per hundred pounds had been sold for that figure the owner would have 
made 8 percent interest on his investment for both cattle and feed as 
well as the price for his labor and the quoted price for his feed and 
pasture. 


A statement of weights, gains, and costs, with pasture at both 50 
cents and at $1.00 a month, are given in Table I. While this table pre- 
sents a rather formidable array of figures it is hoped that the reader 
will study it carefully. 


WINTER FEEDS 


Alfalfa. Alfalfa is of course the standard ration with which all 
others are compared. Cattle wintered on a full ration of $8.00 alfalfa 
and summered on grass at 50 cents a month put on gains at a cost of 
$7.93 in the first test and $7.62 in the third, including all interest and 
labor. When the pasture charge was $1.00 a month the cost was $9.03 in 
the first test and $8.57 in the second. It seems, therefore, that the old 
rule of valuing one ton of hay in the stack at the price of one hundred 
pounds of beef is about correct, provided the pasture charges are not 
too high. Unfortunately, however, many cattlemen have invested in 
pasture or range lands at prices which make the grazing charges ex- 
cessive, so that it is often impossible to produce cattle for $8.00 a 
hundred on $8.00 hay. There is, of course, a good deal of open range 
and cheap pasture in Oregon in which the average charge per month 
throughout the season is 50 cents or less, but as a general rule, the 
gains made under such conditions are less than those obtained in these 
tests. In figuring cost of pasture, the entire season when the animals 
are not on hay should be considered and not merely the late spring and 
early summer when grass is cheapest and most abundant. 

In the tests where alfalfa was used as the winter ration, calves 
consumed an average of 20 pounds daily when given all they would eat 
and made a gain of 1.14 pounds. The same cattle a year later as year- 
lings, coming twos, were given an average of 26 pounds a day and made 
a gain of 1.21 pounds. 


Grain. The feeding of grain to young growing steers is not a gen- 
eral practice among livestock men, excepting in cases where baby beef 
is produced. The object of including this method of feeding in the tests 
at the Union experiment station was primarily to determine the prac- 
ticability of forcing the weanling to the earliest possible maturity, 
noting the effect of such feeding upon the gains made on grass during 
the grazing season as compared with those made by cattle fed during 
the winter months on less expensive rations, and also to test the advis- 
ability of marketing cattle either as baby beef or as two-year-olds. 
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In the first test it will be noted that the cost of gains with lots fed 
grain was much larger than in the lot fed alfalfa hay, the difference 
ranging from $1.38 to $1.94 where the pasture was charged at $1.00 
a month, and the spread is still greater with the cheaper pasture. The 
grain-fed cattle were sold at an earlier age than the hay-fed cattle; but 
considering the cost figures, it will be readily seen that the only chance 
for the grain-fed cattle to pay out would be in their superior quality 
and higher selling price. Lots 3 and 4 were sold at an age of ap- 
proximately two years; and while they seemed to be a better grade of 
cattle than those commonly appearing on the Portland market, they did 
not bring a premium. Cattle in Lot 5 were sold as baby beef at the age 
of 18 months. These were not as heavy as they should have been and 
not fat enough to bring the top price on the market. They failed to take 
on a fill at the Stock Yards, and in their ragged appearance were 
really not wanted by the buyers. 


In the second test only the first lot was fed grain. They were sold 
at the end of the second winter at an age of approximately two years, 
but in general appearance were not much better cattle than those in 
other lots sold about 8 months later. The cost, as will be noted, was 
considerably higher than the alfalfa and silage lot and very much higher 
than the lots fed straw in various combinations. 


Test No. 8 was the only one in which the grain-fed lots showed up 
to any advantage. The cost was about the same as the alfalfa-and-silage 
or alfalfa-fed lots where the pasture was charged at $1.00 a month but 
where the pasture was charged at 50 cents a month the grain-fed lot 
was the more expensive, which was possibly due to the fact that they 
did not get the benefit of a third summer on grass. It will be noted that 
the alfalfa was valued at $8.00 a ton and the grain at $25.00 a ton—a 
ratio of approximately 1 to 8. In our work with fattening steers, as 
reported in Station Bulletin 174, it was found that for fattening pur- 
poses one pound of barley had approximately the same value as three 
pounds of hay. In the case of wintering calves and yearlings, however, 
this rule apparently will not apply, and the grain has relatively less 
value than for fattening purposes, due to the fact that in wintering the 
greater gains made by the use of grain are partially lost through the 
lesser gains made on pasture the following summer. On the other hand, 
with fattening steers the cattle go direct from the feed lots to market 
and thus lose none of the added advantage that comes from grain feeding. 


Table Il shows the daily winter rations and winter gains for the 
various lots fed on grain. These lots were given what rolled barley they 
would clean up readily but no attempt was made to crowd them to the 
absolute limit on grain. They were encouraged to eat all of the alfalfa 
possible. As noted above, cattle in these grain-fed lots were ready for 
market at the end of their second winter, hence spent only one summer 
on grass after being weaned. It would seem an advantage to market 
the cattle at this early age, but it is rather doubtful if this is true, since 
two-year-old steers ordinarily make cheap and profitable gains on grass. 


The chief drawback to the practice of feeding grain to growing steers 
lies in the fact that the major portion of the gains must necessarily be 
made on expensive feeds and the animal does not have the opportunity 
to take advantage of the cheap gains usually made while grazing during 
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the summer months. Then again most cattlemen usually have more range 
for grazing purposes than they have grain and hay for winter feeding. 


TABLE II. DAILY FEED AND DAILY GAINS OF CALVES AND YEARLINGS ON 
VARIOUS GRAIN RATIONS 


———Calves— == ——Yearlings — 
y , Daily Daily 
Daily ration gain Daily ration gain 
All the alfalfa and rolled Alfalfa 18.0 1.76 Alfalfa 25.0 2.05 
barley they would eat Grain 6.7 Grain 8.5 
All the alfalfa they would 
eat and a half ration of Alfalfa 21.0 1.61 Alfalfa 29 1.692 
rolled barley Grain 3.3 Grain 4 
All the alfalfa, silage and \ 
rolled barley they would Alfalfa 11 Alfalfa 17 
eat readily, average of Silage 10 1.90 Silage 15 1.58 
two tests Grain 5 Grain 6 


Silage. Knowing that cattle made both desirable and economical 
gains while on grass during the grazing season, it was believed possible 
that they might make satisfactory gains during the winter-feeding period 
on some succulent feed such as silage. Silage as a rule is made from 
plants which are low in protein, and hence in most silages there is a 
protein deficiency. The protein content of the silage can be increased 
somewhat by using such crops as peas, sweet clover, and alfalfa in 
various mixtures for silage purposes. A low protein content in silage is 
not objectionable when the silage is fed with alfalfa hay, but when fed 
alone or with straw a low protein content becomes quite a factor, since 
in order to get satisfactory gains this deficiency in protein must be made 
up by the use of some expensive high-protein feed like oil-cake or cot- 
tonseed cake. Table III gives the analysis of two different silages fed 
at the station during the winter of 1920-21. The silage used in these 
three tests was largely made from immature corn. 


TABLE III. ANALYSIS OF CORN SILAGE AND PEAS AND BARLEY SILAGE 


Dry Grude ‘Ether Grade N. Free 


Water matter Ash protein extract fiber extract Acid 

% % % %o % Wo) To %o 

Coreesilacere ces 76.56 23.44 1.90 2.15 0.48 6.03 12.89 2.01 
Peas and bald 

barley silage ~.........63.71 36.29 8.00. 5.14 DELS 7.387 19.60 1.55 


In the third test in Lots 2 and 3 a direct comparison of alfalfa alone 
and alfalfa and silage is made, in which the alfalfa and silage produced 
a slightly larger gain for the entire test and at about the same cost of 
gain, with silage valued at $5.00 and hay at $8.00. It will also be noted 
that the silage was a little the more expensive with pasture at $1.00 a 
month and a little less expensive with pasture at 50 cents a month. This 
is due to the fact that the alfalfa-and-silage-fed cattle made a little 
larger gains in winter and consequently a little less gain in summer than 
did the alfalfa-fed cattle. It is possible that if the alfalfa and silage had 
been fed in amounts somewhat smaller than all that the animals would 
eat, a better showing would have been made. It seems fairly safe to 
assume, however, that where silage is fed with alfalfa as compared with 
alfalfa alone, the silage is worth about $5.00 when the alfalfa is worth 


$8.00 a ton. 
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In view of the fact that most silage is deficient in protein the best 
results are not expected when fed alone but rather when fed in com- 
bination with other feeds rich in protein. This idea is borne out by the 
results of Lots 3, 4, and 5 in the third test. The cattle wintered on 
silage alone made less gains and cost more money than those wintered on 
alfalfa. Where the protein deficiency of the silage was made up by the 
addition of 2 lbs. of cottonseed cake, as in Lot 5 of the third test, ex- 
ceptionally good gains were made. The cattle in this lot were especially 
good; the record shows, however, that the cost of the cottonseed cake 
added to the cost of the silage made the final cost of the gains decidedly 
higher than where the:silage was fed with alfalfa. 

The possibilities of silage as a supplement to straw are shown in 
the second test, in which straw and silage in Lot 5, and straw and 
silage with the addition of 1 pound of cottonseed cake in Lot 3, made 
fair gains at a cost decidedly less than alfalfa and silage or alfalfa, 
silage, and grain. These cattle made very little gain in the winter but 
large gains in the summer; and it was the exceptionally large summer 
gains made by Lot 5 wintered on straw and silage alone that made 
this lot show up so well. The cattle in this lot never reached the degree 
of finish attained by those in the other lots. While they were of good 
weight, they remained rather rough throughout the entire test. The 
results of this one test indicate that the 1 pound of cottonseed cake used 
in connection with the ration in Lot 3. was not of much value, but we 
wish to conduct further tests before making any definite statements on 
this point. 

Table IV shows the daily winter rations and winter gains made by 
the various lots on corn silage and on peas and bald barley silage. It 
will be noted that some of these lots made very poor gains, but the lots 
making poor gains in the winter usually made very good summer gains. 


TABLE IV. DAILY FEED AND DAILY GAINS OF CALVES AND YEARLINGS 
ON VARIOUS SILAGE RATIONS 


Calves: = ———Yearlings - 
Daily Daily 
How fed Daily ration gain Daily ration gain 
Silage limited. All al- Alfalfa 16 Alfalfa 23 

falfa they would eat Silage 10 1.30 Silage 15 1.39 
All they would eat Silage 32 43 Silage AT 1.20 
Silage limited. All straw Straw 11 Straw FAL 
they would eat Silage 10 16 Silage 15 —.09 

Silage and ec. s. ec. limited. Straw 11 Straw 21 
All straw they would eat Silage 10 18 Silage 15 -49 

(5 EE os il Casas 1 

All silage they would eat. Silage 32 Silage AT 
2elbacssanc. 2. Skee 2 1.20 BSc: 2 1.55 


When determining the amount of silage to feed, we may figure 
that every pound of silage fed will reduce the consumption of hay nearly 
one-half pound. The addition of one or two pounds of cottonseed cake 


to straw or silage apparently does not reduce the consumption of 
roughage. 


Straw. Cattle wintered on straw and silage and grazed during the 
summer months on good bunch-grass range made very satisfactory 
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gains. The straw was valued at one dollar a ton in the stack, and to 
this charge was added the cost of hauling and feeding in racks. While 
the straw-fed cattle made some growth, they did not put on any flesh 
during the winter feeding period. In summing up their winter feeding, 
it can be said that they came through with their hides on but that is 
about all. With the large gains made on grass during the grazing 
season, however, they finally reached a very satisfactory weight at a 
comparatively low. cost. The straw in all cases was fed with some 
supplement. In two lots it was fed with two pounds of cottonseed cake 
with very satisfactory results. The final results when supplemented 
with silage, as noted above, were also good. 


From these tests we can be reasonably sure that straw, when sup- 
plemented with either silage or cottonseed cake or both, will, in the case 
of an emergency, winter calves and yearlings very economically. Of 
course if either the straw or the cottonseed cake were much higher in 
price in proportion. to other feeds, the costs would be different. It is 
possible that the proportion of cottonseed cake or silage used to sup- 
plement the straw might be changed to advantage, but that question 
will have to be answered by subsequent tests. The straw-fed cattle 
were slower to reach market weight and were not so smooth as those 
in the other lots; nevertheless they were very good cattle for the 
Western market. 


The daily winter ration and daily gains of the various straw-fed 
lots are shown in Table V. 


TABLE V. DAILY FEED AND DAILY GAINS OF CALVES AND YEARLINGS ON 
VARIOUS STRAW RATIONS 


Calves Yearlings — 
Daily Daily 
How fed Daily ration gain Daily ration gain 
All the straw they would Straw 17 Straw 23 
eat. 2 lbs. ¢c. s. c. Cle sae: 2 -76 oR Cy, Ss 2 39 
Silage limited. All the Straw 11 Straw 21 
straw they would eat. Silage 10 .16 Silage 15 +.09 
Silage. and ec. s. c. limited. Straw 11 Straw 21 
All the straw they would Silage 19 -78 Silage 15 49 
eat coe Te 1 Carta. 1 


It will be noted that where straw is used the daily consumption of 
roughage will be slightly less than where good alfalfa is used, and that 
the addition of one or two pounds of cottonseed cake would not lower the 
consumption of either roughage. It should be borne in mind that 
the gains given above are the winter gains only and that all of these 
cattle made unusually good gains on grass during the grazing season. 


INFLUENCE OF WINTER GAINS UPON GAINS MADE 
DURING GRAZING SEASON 


The influence of the amount of gain made in winter upon the gain 
made the subsequent summer and fall is shown by Table VI and by the 
chart (Fig. 1). For convenience, the various lots, both calves and 
yearlings, have been grouped into five groups depending upon the 
amount of gain made while on winter rations. 


14 


These lots were wintered on different feeds as previously discussed 
and consequently made different gains, hence went onto grass the next 
spring in various degrees of condition. All the lots were together on 
grass for the spring, summer, and fall and any difference in gains made 
during the grazing season is presumably due to the difference in the 
gains made the preceding winter, or in other words, to the difference 
in their condition at the beginning of the grazing season. 


TABLE VI. INFLUENCE OF WINTER GAINS UPON GAINS MADE DURING 
GRAZING SEASON 


Gains following Total 
Winter gains summer and fall for year 
Average of the 4 lots making less 
than 50 lbs. winter gain.....................- 20 25% 277 
Average of the 7 lots making 50 to 
99 lbs. winter gain_......... a T7 235 312 
Average of the 6 lots making 100 
to, di49) Ibss winter! gains 121 227 353 
Average of the 4 lots making 150 
to 199 lbs. winter gain....... Were ee 167 212 379 
Average of the 5 lots making 200 
lbs. or over winter gain...................... 222 165 387 


GRAPHIC CHART SHOWING THE INFLUENCE OF WINTER GAINS UPON GAINS 
MADE DURING GRAZING SEASON 


Winter gains Summer and fall gains 


Lots making less than 

50 lbs. winter gain 

Lots making 50 to 99 lbs. 
winter gain 

Lots making 100 to 149 Ibs. 
winter gain 

Lots making 150 to 199 lbs. 
winter gain 
Lots making 200 lbs. or over 
winter gain 


ane 


Fig. 1. The data of Table VI are shown graphically in the chart. The length of the 
line in the column for winter gain is proportional to the amount of gain made 
during the winter, while the length of the line in the column for summer and fall 
gain is proportional to the amount of gain made during the following summer 


and fall. 

With very few exceptions the cattle which made the smallest gains 
during the winter feeding periods made the largest gains during the 
grazing season, while those making the largest winter gains made the 
smallest gains in summer. The cattle which made the large winter gains, 
however, made the largest total gains for the year. The cattle which 
came through the winter in the thinnest condition regained a part, but 
only a part, of their handicap during the following summer and fall. 
The proportion of the handicap regained varied in different instances. 
By averaging together all the heavier fed lots and comparing them with 
the lightest fed lots in each test, we find that the heavy fed lots were 
97 pounds a head heavier than the three light fed lots at the end of the 
winter, but that at the end of the following summer they were only 44 
pounds ahead. In other words, the light fed cattle, by making better 
gains in the summer recovered 55 percent of their loss as compared with 
the other lots during the winter feeding period. 

It should be borne in mind in this connection that most of these 
cattle were wintered at least fairly well and the poorest of them, while 
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losing some fat, made sufficient growth in most cases to hold their 
initial weight. The cattle receiving light winter rations made average 
yearly gains of 300 pounds and more and reached the age of 2% years 
weighing around 1100 pounds, which compares very favorably with the 
average range steer. The results in this bulletin which seem to favor 
“light” feeding for wintering growing steers should rather be viewed 
as favoring medium feeding as compared with heavy or extra heavy 
feeding. 

There is certainly a point in wintering cattle below which they lose 
vigor and vitality and become permanently stunted. This point is at 
present undetermined but we have under way tests which, when com- 
pleted, will probably throw some light on this most interesting subject. 

It should be explained that a calf can grow in frame and gain in 
weight and at the same time lose in fat. It was our judgment that 
most of the calves that gained less than one pound a day during the 
winter were not as fat at the end of the winter as they were at the 
beginning and it is certain that those calves which gained one-fourth 
to one-half pound a day lost a good deal of fat in spite of their gain 


in weight. 
SUPPLEMENT 
TEST NO. 4 PRELIMINARY REPORT 


A fourth growing test was started January 6, 1921, with nine lots 
of ten calves each. These were possibly a little above the average in 
age, weight, and quality for the general run of range calves. The 
various lots were fed as shown below. These calves will be carried on to 
maturity but as this manuscript is written only the first winter, January 
6 to May 6, 1921, has been completed; so the figures for this first winter 
are presented without any attempt at final conclusions. 


Table VII. RESULTS OF FIRST WINTER’S FEEDING IN TEST NO. 4 


Lot 1 Straw and one pound cottonseed cake 
Lot 2 Straw and two pounds cottonseed cake 
Lot 38 Alfalfa hay and corn silage 
Lot 4 Alfalfa hay and peas and bald barley silage 
Lot 5 Alfalfa hay and sunflower silage 
Lot 6 Alfalfa hay (full feed) 
Lot 7 Alfalfa hay (medium feed) 
Lot 8 Alfalfa hay (light feed) 
Lot 9 Alfalfa hay and sunflower silage (medium feed) 
10 calves in each lot. Feeding period Jan. 6 to May 6 1921—120 days 


Lot 1 Lot 2 Lot 8 Lot 4 Wot 5 lLoté Lot 7 Lot 8 Lot 9 


Initial weight........ 548 548 542 548 548 548 548 548 548 


Final weight..........561 599 691 683 678 674 596 562 591 
Gain per head...... 13 51 149 135 130 126 48 14 43 
Dailye caine se = etal -42 1.24 1.18 1.08 1.05 A 1 36 
Hay per day PioS ee lo.s4 Ue See 20L90 Sey. le blLOnS 
Silage per day 17.2 16.81 L712 17.16 9.73 
Straw per day 16.35 13.36 

ce. s. c. per day 1.00 1.96 


While the calves in all lots gained some weight only those that 
gained one pound or more a day held their own in condition. Those in 
Lot 3, getting alfalfa and corn silage, were possibly a little fatter than 
they were at the beginning of the test. Those in Lots 1 and 8 were quite 
thin. Those in Lot 1 looked poddy and rough, and appeared to be some- 
what low in vitality, but we cannot be sure on this latter point until 
we know what they do on grass. 
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OO 
SUMMARY 


Fattening steers, fed and sheltered in the barn and having 
access to a lot for exercise, consumed the same amount of feed and 


made very little more gains than those fed in the open. 


Fattening calves, given access to a shelter shed, consumed the 
same amount of feed and made the same gains as did those without 


the shed. 


Fattening steers, given water warmed to an average of 43 
degrees, consumed the same amount of feed and made the same 


gains as did those which received cold water. 


ee 
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Shelter and Warm Water for 
Fattening Steers 


Very few fattening cattle in Eastern Oregon are ever fed during the 
winter months in a bleak, open feed lot without some sort of a shelter. 
This shelter may consist of a modern barn, an open shed, a prepared 
windbreak, or a brush thicket. Probably the latter is the most com- 
monly used and is possibly the most feasible and practical for most farm 
conditions. A good brush thicket where cattle can always find shelter 
from storms and a good bed ground is a valuable asset to any feed yard. 

Another very important factor in cattle feeding is the water supply. 
Too often cattle are required to drink from muddy and inaccessible water 
holes, which freeze in winter, making it difficult for the cattle to drink 
at will. While all cattlemen will agree that feeding under such con- 
ditions cannot be expected to show profitable results, yet there is a 


Fig. 1. Barn and yard in which Lot 1 was fed. 


wide-spread belief among most feeders that even if water is supplied 
in a modern way, still better results might be expected if it were warmed 
for the cattle by the use of a tank heater. There is also an opinion that 
better results would be obtained if cattle were given better shelter facili- 
ties than are usually provided on most farms. Realizing what a good 
brush thicket means in this regard they wish to know further what might 
be expected if cattle were fed in an enclosure such as a barn. It was in 
the hope of shedding some light on these points that the following ex- 
periments were planned at the Union station. 


First, feeding two-year-old steers in a barn. 
Second, feeding calves in a lot provided with an open shed. 
Third, feeding two-year-old steers in a lot provided with warm water. 


The experiment station at Union is located in the Blue Mountain 
region at an altitude of 2787 feet; hence the conditions under which these 
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tests were conducted are quite typical of this particular region, and in 
fact represent in a fair degree the conditions under which a large per- 
centage of the cattle are fed in the section of the State lying east of 
the Cascades. 

The weather during the winter months is usually quite cold and 
windy, though the minimum temperature rarely ever is lower than 10 
degrees below zero. 

The ground usually remains frozen and the winds come mainly from 
the southeast during the major portion of the winter feeding period. 

The total snow fall is‘about 30 inches and is pretty well distributed 
through the months of December, January, February, and March. In 
the Grande Ronde Valley where the experiment station is located the 
snow as a rule does not lie on the ground long, but blows about and 
accumulates in large drifts. 


Fig. 2. Interior of barn in which Lot 1 was fed. Ten steers were quartered in this 
; space 12x36. 


The rainfall is comparatively light during these months. The five- 
year average for the total fall from December to April inclusive is 
3.88 inches. 


TABLE I. METEOROLOGICAL RECORD EXPERIMENT STATION, UNION, OREGON 
Five-year Average for Winter Feeding Period 1916-1921 inclusive 


—Temperature— 


—Precipitation — 
Mean Mean 

Month Max. Min. Max. Min. Rain Snow 
December 0.000... 54 5 37.03 24.74 1.16 4.58 
January 53 -3 37.09 23.54 -76 7.50 
February e 52 11 39.58 24.56 joa 6.17 
March aes - 64 14 48.67 28.70 -49 8.4 
April 73 19 57.43 31.44 1.25 2.9 


Average for five- 
month period seneresr obs 59 : 9 43.96 26.60 18 5.91 
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Feeder cattle as a rule do not make satisfactory gains when fed 
in the open during wet, muddy seasons, but seem to do best when weather 
conditions are dry and cold. 

In this bulletin are given the results of three series of tests, which 
will be considered under the three divisions as stated above. 

In each case the data given are averages of two year’s work. 

For shelter tests with lambs see Station Bulletin 175. 


SHELTER FOR FATTENING STEERS 


In the winter of 1919-20 and again in 1920-21 comparisons were 
made of shelter for fattening steers as compared with open-lot feeding. 
There were ten two-year-old steers in each lot. In the 1919-20 test the 
steers weighed 1200 pounds at the start and were fed for 82 days. In 


Fig. 3. Shed for wintering calves in Lot 2. 


the 1920-21 test the steers weighed 948 pounds at the start and were fed 
for 120 days. Both lots were fed on alfalfa hay and silage. In the first 
test corn silage and peas-and-bald-barley silage and alfalfa hay were fed, 
while in the second test sunflower silage and alfalfa hay were used. 

The steers in one lot were fed and sheltered in a space 12x36 in the 
barn and had access to an outside lot where they obtained water and 
exercise (see figures 1 and 2). Those in the second lot were fed in the 
open with no shelter other than a windbreak on the south and a tight 
board fence around the east end of the lot. A daily record was kept of 
the temperature of the barn and of the open lot. The average daily 
temperature in the barn was 42 degrees and in the open lot, 33 degrees, 
but of course the temperature of the open lot was more variable than 
that of the barn. The open lots were rather muddy a good share of the 
time, especially in the second test. The stream from which both lots 
obtained their drinking water was carried through the yards in a board 
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flume and was thus kept free from ice and in condition so that the steers 
could drink easily at all times (see Fig. 4). The feed consumption and 
daily gains for the two tests are averaged and shown in Table II. 


TABLE II. AVERAGE OF 1919-20 AND 1920-21 TESTS 


Loot “Lot 2 


shelter open lot 
Hay per day Ae ee eeeceenroost 25.38 26.81 
Silage per day . 19.21 15.19 
Dalya vainee ewe ee sane 1.56 1.485 


From the above it will be seen that the shelter increased the gains 
less than 1/10 pound daily. The lot under shelter ate more silage and a 
little less hay. At $8.00 a ton for hay and $5.00 a ton for silage the 


Fig. 4. Board flume from which all lots on cold water were watered. The flume is 
covered except where the steers drink. 


daily feed cost was 15 cents a day as compared with 141% cents for the 
lot fed in the open. This difference in feed cost would offset the slight 
difference in gains. All of these differences, however, are so slight as 
to be within the limit of experimental error; hence it would seem on the 
basis of these two tests that the barn shelter made no material difference. 
With other types of shelter or under other conditions the results might 
have been different. 

In addition to the two tests given above, another lot in 1919-20 was 
fed and quartered in the barn without access to an outside lot. During 
the first few weeks of the test the cattle in this lot made very satis- 
factory gains, but toward the close of the experiment they appeared to 
grow stale; hence they did not make the final showing that the cattle 


did having an open lot for exercise or even those that were fed in the 
open. 


!) 
SHELTER FOR CALVES 


In the winter of 1917-18 two lots of six calves each were fed on 
alfalfa, peas-and-bald-barley silage, and barley. One lot was fed in the 
open without shelter, the second lot received feed in the open but had 
access to the small shed shown in Fig. 3. These calves weighed 543 
pounds at the start and were kept on feed for 112 days. In the winter 
of 1918-19 the test was repeated with calves weighing 490 pounds at the 
start and fed for 82 days. The feed consumption and the gains made in 
the two tests are averaged and shown in Table III. 


Fig. 5. Tank heater used to warm water for Lot 2. Note that the heater is enclosed to 
protect it from the stock but that a door in the enclosure permits access to it. 


TABLE III. AVERAGE OF 1917-18 AND 1918-19 TESTS 


Wo i tor2mn 


Fed Fed in the 
in the open with 
open access to shed 
TRIER gt Da Es ENE oe SOE ae en De ara eRe onan Spee ore aA is 12.39 11.64 
Silage per day <.2::-2...- fos Pooh tone Be rer PEST FECES SCE ee ree 10.26 10.26 
VEAL RSHSCE 0 bP pe opp SOS eee Ole Re ee pees 5.08 5.08 
1.90 1.87 


Daily gain 
The differences between the two particular lots both as to feed con- 


sumption and daily gain are negligible, and there was no real difference 
in the final condition of the calves in these two lots. 


Of course it should be borne in mind that both these lots of calves 
were receiving really fattening rations and had they been on some of the 
lighter winter rations the results might have shown some advantage for 
the shelter. Moreover, the small open shed, shown in Fig. 3, did not 
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afford the protection from storms that had been expected of it. At 
various times during the winter snow drifted into it badly in spite of the 
fact that the open side faced the opposite direction from the prevailing 
winds. There were times of course during the winter feeding period 
that the shed seemed to afford the calves some real comfort. 


WARM WATER FOR FATTENING STEERS 


In the winter of 1919-20 and again in 1920-21 comparisons were made 
between warm and cold water for fattening steers. There were ten two- 
year-old steers in each of two lots. In the first test the steers weighed 
1200 pounds at the start and were fed for 82 days. In the second test 
the steers weighed 948 pounds at the start and were fed for 120 days. 
The cattle in both tests were fed on alfalfa hay and silage. In the first 
test the silage was corn and peas and bald barley, while in the second 
test it was sunflowers. 


Both lots were fed in the open with no special shelter. Lot 1 
obtained their drinking water from a running stream which was carried 
through the yard in a board flume. The flume was partly covered and the 
water flowed rapidly enough to prevent freezing. There were times 
during the feeding period when the yards became muddy, especially 
around the watering places; but aside from this the steers were always 
able to get all the water they wanted without difficulty. The flume which 
carried the water through the various yards is shown in Fig. 4. 


The cattle in the second lot were fed in an adjoining yard and were 
watered from a trough in which the water was kept warm with a tank 
heater (see Fig. 5). A daily record was kept of the temperature of both 
warm and cold water. The average temperature of the warm water was 
43 degrees and of the cold water 37 degrees Fahrenheit. The water in the 
trough was kept fairly uniform in temperature while the water in the 
flume was more or less variable ranging from 30 to 48 degrees. The 
feed consumed and daily gains for the two tests are averaged and’ shown 
in Table IV. 


TABLE IV. AVERAGE OF 1919-20 AND 1920-21 TESTS 


Lot 1 Lot 2 


cold water warm water 
13 BENZ YES ats [2h eae nS ee es ne! EEE AS BPH eM is of Reteen So, oe 26.81 AYA 
SH LPP TCS CYes ts Ege esp ee eae Mane ce piece See Oi nee PVP. Giens DcUeReyreeee <n = el CT 15.19 15.18 
MDD ea yi arn scree cece sae oe, ee aera gy cr ee ee 1.485 1.48 


From Table IV it would seem that warming the water had prac- 
tically no effect upon either the feed consumption or daily gains. It is 
believed, however, that where the cattle are watered in troughs that give 
much trouble from freezing a tank heater would be a-paying proposition, 
from the standpoint of convenience if for nothing else. It is also quite 
possible that in cases where the water supply is frozen a good share of 
the time during the winter feeding period, thus preventing the steers 
from getting all they want at times, warming the water might show 
some results. It is very evident, however, that in feeding cattle under 
similar conditions, such as are presented in these two tests, where they 
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can get all the water they want at any time, it does not make any 
material difference whether the water is cold or warmed to an average 
of 48 degrees. In our tests, in fact, if there was any appreciable differ- 
ence, the steers in the cold water lot made slightly the better showing 
of the two. 


It is suggested, although not proved by actual tests, that the ad- 
vantage often claimed for pumped, warmed, or artesian water, as com- 
pared with water from a creek or ditch, may lie in the fact that water 
in a trough is usually easy for the cattle to reach at any time, while 
creeks and ditches often have icy or muddy banks which the cattle will 
not go down until they become very thirsty. 
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SUMMARY 


Alfalfa hay and barley constitute a very satisfactory ration 


for fattening lambs. 


Silage added to a ration of alfalfa hay and barley does not 
increase the gains materially, but may be used in connection with 
fattening lambs, provided it can be produced economically. 

In terms of amounts of feed replaced per 100 pounds gain 
where alfalfa hay is valued at $8.00 and barley at $25.00 per ton, 
peas-and-bald-barley silage has a value of $5.05 and sunflower 


silage $3.96 per ton for fattening lambs. 


Lambs fattened on alfalfa hay and barley, with and without 
silage, made very satisfactory gains and there was no apparent 


difference in the final condition of the finished lambs. 
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Fig. 1. Lambs after being fed 71 days on barley, alfalfa hay, and sunflower silage. 


Silage for Fattening Lambs 
PEAS-AND-BALD-BARLEY SILAGE 


In the winter of 1918-19 a test was made to determine the value of 
peas-and-bald-barley silage for fattening lambs. One lot of 86 lambs 
was fed on one pound whole barley a day and all the alfalfa they would 
eat, while another lot of 86 lambs was given one pound of peas-and- 
bald-barley silage per day in addition to one pound of whole barley and 
all the alfalfa hay they would eat. The results are shown in Table I. 


Fig. 2. Lambs that have had peas-and-bald-barley silage in addition to their ration of 
alfalfa hay and barley. 


TABLE I. RESULTS OF FEEDING PEAS-AND-BALD-BARLEY SILAGE TO 
FATTENING LAMBS 


Lot 1 Lot 2 


Alfalfa and Alfaifa, silage 
barley and barley 
Weight at beginning ...... TOR Pee PEE PE Posey ests Pe cet ock Cems eNeBES 92.3 91.98 
MWGIr Gal FClOSG. fiiesst 2 ctees teases ree ae oe ee on bi i erg 112.8 
Oca lee ali tee ee = 19.4 20.8 
Dalyecai 22.5: te on See ee .29 Aen 
Alfalis offered. ..........: eee Be a ce eee 2.40 2a 
Alfalfa refused ...... coer Cee eth ee Re .34 38 
Alfalfa consumed ..... 2.06 1:79 
Barley 5 obese 1.00 1.00 
SHAG Wa. oat eecee crepe peed Be ee Te me 1.00 


On the basis of the feed required to produce one hundred pounds of 
gain, one ton of the peas-and-bald-barley silage replaced 140 pounds of 
grain and 824 pounds of hay. On this basis the ton of silage would 
be worth $5.05. : 

It will be noted that the lot receiving silage made a daily gain of 
.31 pounds. While the silage lot made slightly the larger gain, yet the 
gains made by both lots were entirely satisfactory and the lambs put 
on a good finish. There was no noticeable difference in the finish of 


the two lots. 


6 
SUNFLOWER SILAGE 


In the winter of 1920-21 a test was made to determine the value of 
sunflower silage for fattening lambs. One lot of 104 lambs was fed on 
a ration of one pound of whole barley and all the alfalfa they would 
eat, and a second lot was fed one pound sunflower silage in addition to 
the one pound of barley and all the hay they would eat. The results are 
shown in Table II. 


Fig. 3. A choice lot of finished lambs. 


TABLE II. RESULTS OF FEEDING SUNFLOWER SILAGE IN 
FATTENING LAMBS 


Lot 1 Lot 2 
Alfalfa and Alfalfa, silage 
barley and barley 

Weight at beginning —.........000.... - =e 75.6 75.6 
Weight at close ......... 93.7 94.5 
Total gain eR: 18.1 18.9 
Daily gain ....... 25 -26 
Alfalfa offered 2.62 DAE 
Alfalfa refused ...... eee ee 33 .35 
Alfalfa consumed ....... 2.29 2.02 
BAVC V ei. o ote eee ee 1.00 1.00 
SS TB Cer Pear eect ae ee la Sipe eset Te cia en aaa a 1.00 


On the basis of feed required per hundred pounds gain, one ton of 
silage replaces 80 pounds of barley and 740 pounds of alfalfa. With hay 
valued at $8.00 and barley at $25.00 per ton sunflower silage in this case 
would have a value of $3.96 per ton. It will be noted that the daily gain 
without silage was .25 and with silage .26 pounds. These gains were 
very satisfactory in both cases and both lots took on a good finish. 
There was not enough difference in the gains to make any noticeable 
difference in the finish of the lambs. 


7 
DISCUSSION 


These tests indicate that either sunflower silage or peas-and-barley 
silage make a good addition to barley and alfalfa for fattening lambs and 
that the advisability of using the silage depends entirely upon its cost 
as compared with alfalfa and barley. It has been demonstrated not only 
in these tests but in previous tests described in Station Bulletin 175, 
that in fattening sheep one pound of barley and all the alfalfa they will 
eat will produce good gains and a high finish. The addition of silage, 
therefore, is a matter of economy rather than of additional gains or 
finish. Where silage can be easily and cheaply grown it will cheapen the 
ration, but if conditions are unfavorable to growing silage its use will 
make the ration more expensive. 


Fig. 4. A car of Experiment Station lambs at the Portland Stock Yards. 


We have made no comparisons between peas-and-barley silage and 
corn silage for lambs, but our tests with cattle indicate that peas-and- 
barley silage compares very favorably with good corn silage. We con- 
sider corn silage the standard silage wherever it can be grown. In 
sections where this crop cannot be grown successfully, however, peas-and- 
barley, sunflowers, or sweet clover can usually be grown to good 
advantage. 

It is interesting to note, by way of comparison, that in seven trials 
with corn silage in the corn belt as compiled by Henry and Morrison the 
silage did not materially increase the gains made, but that one ton of 
silage replaced 160 pounds of grain and 800 pounds of hay. Valuing 
the hay at $8.00 and the grain at $25.00 the silage would have a value 
of $5.52 a ton. While these tests were conducted under conditions quite 
different from those at the Union station, the results in general check 
quite closely. It is probable that the silage made from well-matured corn 
was somewhat better than that fed at the Union experiment station and 
the hay not as good, which would tend to give the corn belt silage the 


higher value. 
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The Management of Willamette 
- . Valley Soils 


A PRELIMINARY REPORT 
By 
DEPARTMENT OF SOILS 
and 
DEPARTMENT CF AGRICULTURAL CHEMISTRY 


Organization. The work herein reported is an important part of the 
Ovegon Soil and Soil Water Investigations conducted by the Soils department, 
partly in cooperation with the department of Agricultural Chemistry of the 
Oregon Agricultural College Experiment Station, and partly in cooperation 
with the United States Bureau of Soils. This progress report is published to 
meet the demands for facts bearing on the reclamation and improvement of 
the Willamette Valiey soils. The information presented in this bulletin is 
based on the facts which have been thus far established by the investigations 
under way, provided for by Chapter 350, General Laws of Oregon, 1919, and 
the continuation of the law in 1921. 

Improvement and Maintenance of Soils. The cooperative soil surveys 
of the Willamette Valley and chemical invoice of important fertility elements 
in each type mapped are laying the foundation for developing formulas for 
permanent agriculture for these lands. The soil survey field data are shown 
on the topographic maps of the United States Geological Survey or prepared 
base maps using a scale of one inch to the mile, showing all roads, buildings, 
streams and other important land marks, the extent of each distinct soil 
type being represented in a different color. Such maps enable representative 
official samples to be collected for analysis and are desired in the location of 
field fertilizer trials. When the work is completed, the farmer or prospective 
settler may know what type or types of soil occur on a given farm, what their 
average chemical and physical composition is, what crops and types of farming 
are best suited to these soils, and what treatments are needed to develop and 
maintain their productiveness. 

Progress of the Work. About fifty percent of the Willamette Valley 
has been soil surveyed. With the completion of field work in Polk county, 
there will have been mapped 2,696,795 acres; and there still remain to be 
mapped, in Linn, Lane, and Marion counties, exclusive of forest reserve, 
2,264,176 acres. Field work has been completed in the other five Valley 
counties, and the report and soil map of Yamhill county has been published. 

Chemical analyses have been made of each soil type in Yamhill, Wash- 
ington, and Multnomah counties, including 101 samples and 920 determina- 
tions. These are made available, for the first time, in this preliminary report. 

A dozen field experiments are in progress to study the reclamation and 
fertility problems involved in the management of the chief soils of the Valley, 
while minor types are tested by pot fertilizer tests in the greenhouse, as 


a 


facilities permit. In this bulletin are given the important results thus far 
obtained. 

As a matter of state policy it is important that permanent systems of soil 
management be definitely established before the virgin fertility of our soils 
is depleted to the point of uncertain profit. It is hoped, therefore, that this 
work may be speeded up so that the field survey and chemical invoice of 
Willamette Valley soils may be completed, and the field fertilizer trials 
extended, in order that a comprehensive report with general soil maps may 
be prepared in time for distribution by the opening of the proposed World’s 
Fair in 1925. si : . 

Classification of Willamette Valley Soils. The country rock and the 
geological development of the unconsolidated soil material are important 
considerations in soil classification. The soils of the Valley are divided into 
three groups; namely, (1) the residual soils of the upland, or red hills from 
primary and secondary basaltic material, (2) the old valley filling soils, 
alluvial floor of the valley of mixed material, and (8) recent river and stream 
bottoms of mixed alluvial material. These groups are divided into soil series 
having similar geological origin, topography, color, lime content, natural 
drainage, structure and subsoil conditions; e. g., Dayton series, called white 
land, and first mapped on Dayton Prairie. Each series may contain a number 
of types which are similar in respect to the foregoing qualifications, and differ 
only in texture; e. g., Aiken silt loam, Aiken clay loam, etc. The following 
key shows the soil series thus far established in the Willamette Valley, with 
their distinguishing characteristics and their relation to the country rock. 


Taste I. KEY TO CLASSIFICATION OF WILLAMETTE VALLEY SOILS. 


Brown surface soils on brown subsoils 
Red surface soils on red subsoil 
Brown surface soils on yellow subsoils 
Gray-brown soils on yellow-brown subsurface on mottled com- 
pact subsoils—poor drainage 
(b) Sedimentary shales and sandstone 
Brown soil on yellow subsoil 
Red soils on red subsoil 
Grey-brown soil on grey mottled subsoil—imperfect drainage 
II. Otp Vauiey Firtine Sorrs—Mixed material 
Willamette. Brown soil on light brown subsoil 
Fall Sboronctaeeniecer Brown soil on sandier brown subsoil 
Dayton (white land)...Grey soil on mottled stiff grey and yellow subsoil—poor drainage 
Amity (half whiteland)Grey-brown soil on mottled grey and yellow subsoil—poor drainage 


Concord iyces camer Grey Dayton surface on Amity subsoil—poor drainage 
Salem. o=.< sacetacincee Brown soil on light brown gravelly subsoil 

Grande Ronde Light yellow-brown soil on yellow mottled subsoil 
Holeomb Grey-brown soil on grey compact subsoil—poor drainage 


Clackamas Dark brown soil on gravelly brown compact subsoil 


Canby Dark brown soil on brown loose gravelly subsoil 

Til. Recent Sorrs—Mixed alluvial material 
INU Fae thicodasaddn. Brown soils on brown sandier subsoil (Ist bottoms mainly) 
Chehalis Brown soils on brown heavier subsoils (2d bottoms mainly) 
Wapato Brown soils on grey-brown subsoil—poorly drained 
Whiteson ' Grey soil on drab plastic mottled subsoil—drainage poor 
Cove (black sticky) ...Black soil on dark subsoil—poor drainage 
Galesty rein Seay eaten. Brown soil on light brown gravelly subsoil 
Molallaccc.& Ware epvterencis Dark brown soil on mottled subsoil—poorly drained 
Peat and Muck........(Beaver dam) Soils high in organic material 


IV. Miscr,tnangous Sorts— 
Rough—Stony 
River wash 


Reclamation. The soil survey determines the extent of each wet soil 
type, and together with preliminary drainage surveys in cooperation with the 
United States Office of Irrigation and Drainage Investigations, the wet areas 
in the Valley are being outlined and preliminary outlet systems to the main 
wet areas are being designed. The wet soil types in the valley floor and low 
foot slopes of adjacent hills constitute about one-third of the total area of 
the valley floor, or about 750,000 acres. These types are confined chiefly to 
the soils of half a dozen series. The soils of Dayton (or white land) series 
are estimated at 100,000 acres; the Amity (or half-white land) series at 200,000 
acres. These are the main wet soils in the old valley filling group. In the 
recent stream bottom group, the Wapato, Cove, and Peat series, and in the 
hill group, the Carlton, and Viola series have imperfect drainage. 


Preliminary drainage surveys show that the reclamation of most of these 
lands is feasible and desirable and that they will pay a better rate of interest 
on the total investment when drained. Scientific methods of tile drainage 
for these lands have been established. The results of experiments that have 
developed fairly definitely the best depth, distance apart, and capacity for 
tile drains and the procedure in drainage district work, are as reported in 
Oregon Agricultural College Experiment Station Bulletin 178.1 Drainage 
will double the productiveness of one-third of the land in the valley floor, and 
is the first step in the improvement of these wet soils. 


Proper supplemental irrigation has been proved profitable on the mellow 
soils of river and stream bottoms, and on the well-drained mellow soils of the 
valley floor, when applied to late season crops and intensive crops where 
the water can be secured at reasonable cost. Irrigation experiments extending 
over fourteen years show that it is possible to make fifty to sixty percent 
increase on the naturally drained brown soils with proper irrigation, and 
seventy-five to one hundred percent increase on the sandy loams of the river 
bottom. Detailed results of these experiments may be found in Oregon 
Agricultural College Experiment Station Bulletins 122? and 161.8 


Taste II. FERTILITY IN LOWER WILLAMETTE VALLEY SOILS 


[Analysis by Department of Agricultural Chemistry, Oregon Agricultural College Experiment 


Station] 
Pounds fertility per 2,000,000 of soil 
Depth 
Soil type analyzed County 
Nitro- | Phos- | Potas- | Sulfur | Cal- 
gen | phorus} sium cium 
I. Residual (Red Hill Soils): 
(a) Igneous Division— k 

Olympic Silt Loam...| 0”’—15” | Washington.... 2,480 15920) |) 34200 asses 28,000 
Aiken Silt Loam..... 0”—20” | Yambill........ 3,340 3,400 | 12,600 340 5,200 
Aiken Silt Loam..... 0”—12” | Washington.... 2,060 640 | 32,200 70 11,400 
Cascade Silt Loam...| 0”—12” | Multnomah.... 2,800 2,540 | 31,200 320 21,200 
Olympic Clay........ 0”—10" | Yamhill....:... 3,020 000) |) T6600) Niveee vec 22,200 
AikenSilty Clay Loam} 0”—10” | Yamhill........ 5,400 4,200 | 21,000 540 13,200 
Aiken Clay Loam....}| 0”’—15”" | Washington.... 2,300 4,780 GS A00 WI bcs 8,400 
Cascade Loam........ 0”—12” | Multnomah.... 1,400 14007 E34, 800 lence 16,400 
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Taste Il. FERTILITY IN LOWER WILLAMETTE VALLEY SOILS—Continued 
[Analysis by Department of Agricultural Chemistry, Oregon Agricultural College Experiment 
Station] 
Pounds fertility per 2,000,000 of soil 
snes aac 
Soil type analyzed ‘ount: \ 
tee > zd Nitro- | Phos- | Potas- | Sulfur | Cal- 
gen | phorus} sium cium 
(b) Sedimentary Divi- 
sion— Sys) 5. 
Melbourne Loam..... 0’—10" | Yambill:....... ZEON 2) SO Uy Ie 2 FOO) lies lereneaate al etree 
Melbourne Loam..... 0’—12” | Multnomah.... | 4,800 | 3,060 | 31,600 |........ 34,000 
Melbourne Clay Loam| 0”—18” | Washington.... | 1,020 | 1,400 | 34,600 162 11,400 
Sites Silty Clay Loam| 0’—20" | Yamhill........ 3,800 1,420 | 12,000 |........ 6,000 
Carleton Clay Loam .| 0’—10" | Yamhill........ 5,000 | 1,940 | 20,800]........ 18,800 
Carleton Clay Loam . ”"_20" | Washington.... | 3,000 | 1,660 | 39,800 |........ 19,000 
Melbourne Silt Loam.| 0’—15" | Washington....| 1,380 | 1,060 | 35,800 |........ 25,800 
Sites Silt Loam....... 0’—12" | ‘Yamhill........ 4,800 T4079) 1573 00e HER renee 6,200 
Carleton Silt Loam...| 0’—16” | Washington 1,180 | 1,260 | 39,400 124 | 23,600 
II. Old Valley Filling: 
(a) Basaltie and Sedimen- 
tary— 
Willamette Silt Loam.} 0’—12” | Yambhill........ 3,000 | 2,240 | 42,800 390 | 12,400 
Willamette Silt Loam.| 0”—18" | Washington.... | 1,660 | 3,440 | 37,000 260 | 22,400 
Hillsboro Silt Loam..| 0’—30" | Washington.... | 2,340 1,320 | 33,400 260 13,600 
Amity Silt Loam..... 0”—18" | Washington.... 2,740 2,780 | 37,800 360 16,800 
Dayton Silt Loam....} 0”’—10” | Yamhill........ 2,200 360} 8952000 [ies oe 13,400 
Dayton Silt Loam.. 0”—16" | Washington.... 4,200 256013600" Peta. 25,800 
Salem Loam.. 0”—12” | Multnomah.... 3,200 2,700 | 32,200 640 27,000 
Salem Gravelly Loam 0”—12” | Multnomah.... 2,600 2800 |, BoceOU diteecs cr 27,600 
Hillsboro Loam...... 0”—12” | Multnomah.... 5,000 631201 SoF4O0M eRe Fase 24,800 
Hillsboro Sand Loam.} 0”—12" | Multnomah.... 2,600 A SOO) So. BOON ac eanree 31,000 
Fairview Loam....... 0”—12" | Multnomah.... | 1,400 | 2,700 | 338,600 |........ 24,600 
(b) Sedimentary— 
Grande Ronde Silty 
Clay Loam......... 0”—20” | Yambhill........ 6,800 2,440 | 24,200 700 5,000 
III. Recent Alluvial Soils: 
(a) Basaltic and Sedimen- 
tary— 
Newberg Silt Loam..| 0”—18” | Yamhill........ 2,900 Tv580).|, 18-400 soe ee ae 53,600 
Newberg Silt Loam..| 0”’—12” | Multnomah 800 i 840))|" 21, 400"1Ree tee 74,400 
Wapato Silt Loam....| 0”’—12” | Yamhill........ 5,800 1,620 35,000 460 13,400 
Wapato Silt Loam....| 0”’—14” Washington.... 3,140 "600 29,400 380 25,000 
Wapato Silt Loam....| 0”’—24” Malenonah oe, 6,000 3, 8408); 25,0004|heine.... 17,000 
Wapato Silty Clay 
Tecarmereetre pene 0”—16” | Washington.... | 2,660 | 1,300 | 40,000 |........ 16,809 
Wapato Silty Clay 
Onn teetie ee 0”—10"” | Multnomah.... | 6,200 | 2,800 | 29,400 |........ 31,200 
Cove Clay. peck 0’—12” | Yamhill........ 5,000 1,200 | 25,200 |........ 25,600 
Whiteson Silt Loam..} 0”’—12" | Yamhill........ 3,200 | 1,000 | 43,200 320 | 21,600 
Whiteson Silt Loam..| 0”—18” | Washington.... | 9,400 920 | 12,200 1,100 16,600 
Newberg Clay Loam. "—12" | Multnomah.... 5,400 1,580 | 26,600 680 35,800 
Wapato Loam........ 0”—24" | Multnomah....| 2,600 | 1,140 | 27,800 |........ 51,000 
Wapato Sandy Loam.| 0’—12" | Multnomah.... 2,400 2 100% | 25.0001 aaa. 52,000 
Chehalis Silt Loam...| 0’—18” | Washington.... 4,000 1520025: 300ml aaa aie 18,800 
co Fine Sandy 
ES ee et 0’=20" || Yamhill........ 940 980 | 22,200 162 58,200 
Chehalis Silty Clay 
NGOAmI a retin ive 0”—14" | Washington.... 3,100 1,240 | 21,800 140 30,200 
Chehalis Loam....... 0”—12" | Washington.... | 3,980 | 1,040 | 14,000 |........ 51,600 
(b) From Mixed Rocks— 
Sauvie Sandy Loam..| 0”—12" | Multnomah.... 6,600 2,440 | 29,200 940 27,400 
Sauvie Silty Clay 
LOT N a) aia aes AEN na 0”—10” | Multnomah.... 5,000 2,000 1 24,0000 ic. aoe 24,400 
Columbia Fine Sand.} 0’—36” | Multnomah.... 1,200 T5740) B2s600I cone 52,400 
(c) From Basaltic Rock— 
Gale Loans: fiea or. ¢. 0”—18" | Washington.... 5,740 3,700 | 19,000 28,600 
me Gravelly Loam..| 0’—12” | Multnomah.... 2,400 2,180 | 28,200 65,400 
. Peat: 
IP GBtANE As sane aiae OF — 129 bh Yam hill. eae 24,600 1,880 | 11,800 3,920 11,800 
POA Wieser eke a. 0”—12” | Washington.... | 38,200 2,060 | 10,200 5,000 48,200 


Chemical analysis of major soil types has kept fairly close pace with the 
field work. Analyses are made for the purpose of securing an inventory of 
plant food elements in the various soil types and to secure data upon which 
to base procedure in fertilizer experiments. The analytical data for the 
surface soils of Multnomah, Washington, and Yamhill counties are expressed 
in Table II as pounds of nitrogen, phosphorus, potassium, and sulfur con- 
tained in 2,000,000 pounds—approximately six and one-half inches depth 
over an acre, or the depth one would ordinarily turn with the plow. The 
combined use of Tables II and III enables one to arrive at some very definite 
conclusions relative to the native or potential fertility of certain soil types. 


In the growing of crops like alfalfa, clover, and corn, all of which demand 
relatively large amounts of phosphorus, the advantage possessed by such 
types as Melbourne Loam, Willamette Silt Loam, Hillsboro Loam, and Gale 
Loam over Olympic Clay, Sites Silt Loam and Dayton Silt Loam is at once 
apparent. So also is the advantage possessed by such types as Olympic Silt 
Loam, Melbourne Silt Loam, and Willamette Silt Loam over Sites Silt Loam, 
Newberg Silt Loam, and Chehalis Loam in the element potassium. Generally 
speaking, soil types low in phosphorus and potassium may safely be assumed 
to stand in need of immediate application of phosphorus and potash-ecarrying 
fertilizers, and fertilizer trials for various crops may well be planned to deter- 
mine the practicability of phosphorus fertilization on any type that has less 
than 1,600 pounds of phosphorus in 2,000,000. 

Only the highly organic soils are rich in sulfur. The extremely small 
amounts of this element in many other types suggests at least the desirability 
of determining by direct trial the response to be expected from the various 
crops from the application of sulfur-carrying fertilizers. 

With comparatively few exceptions the surface soils are well stocked with 
the element nitrogen, combined of course in the form of organic matter. In 
this connection, however, it should be borne in mind, especially by the farmers 
of these lands, that the heavy rainfall that is characteristic of the Willamette 
Valley generally operates to slow up very materially the activities of the 
soil’s bacterial life that converts unavailable organic nitrogen to the available 
inorganic forms. The heavy drainage, too, very effectively leaches from these 
soils the soluble form of nitrogen during a part of the year when crops stand 
in need of that element of plant food. Slow conversion of organic nitrogen 
to available forms, combined with excessive leaching, brings about a set of 
conditions that demand for maximum production, even for those types that 
are relatively well supplied in nitrogen, the application of readily available 
nitrogen carriers. Nitrogen in sufficient amounts to supplement the rather 
large amounts already present in these soils may ordinarily be expected from 
reasonable applications of barnyard manure. 
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Tasip III. FERTILITY REMOVED IN CROPS 


Nitrogen | Phosphorus] Potassium Sulfur 
Lbs. Lbs. Lbs. Lbs 
ASfaliar? Celis 43500. 1c ater wees a wrerin eoterenee 200 18 96 28 
Clover AtOns ong hee ose ree coe ee ieee oe 160 20 120 NIB} 
Hiel@ pea Nery, A COWS. .c..0:. derciese eisversiee Ss craves tales Iispaieta sae Aire ly aket oll ene tas oe ete ge erode eset Uf 
Wihea ted O'bushelstyn ser ade ates se cetera oars 71 12 13 5 
Wheat-straw; 274 topBia hie eke: cote cen ee 25 4 45 6 
Osta S0rbushelsseutoe saan ae re alee re 33 6 8 6 
Oat straw, 2i4rtone: cs 2a. ga eth xy Steere y pie 31 5 52 9 
Barley, 50 bushels..............--. HCG 42 8 10 3 
Barley straws 112 tong. a6 ede ce es euatas 16 3 24 3 
Botatoess:200 bushelsisvacc.aupateaetsstcie each eet 42 8 60 3 
Gorn; 15 tonstiod dércc eyesore eee nee 90 30 120 5 
Riurtabagaay 2040n6: 5, «ssicasd hte e eed Uclieacabe 76 48 1601) 4 TW. se eee 
Sugar beets, {10 60nS,..v<-nisanu cates teats esaore ee = 50 18 157 °) 
Cabbages, 10 tones bo. 5 shies is ne Seb 60 8 66 39 
Bat-cattle100: lbs ics.orc nies en seis are Means 25 7 Ey Bip see cs 
Milks O000iostesreone tater cis + ne 57 7 127% ||| eee 
Butter:400 lbs oth stey- sake das ete eI okt eos 0.8 0.2 Oud is be acme 
3-year rotation: 
Wiheat woo lbushels- csr. ccc tame ee ia cintee ee 16 58 11 
205 TONS BETAW coc sens ce eis es ha Oe ern De Pt Midis a eahetacciele elle Sieg oe ae ateraka io terete ce a eee ener nea 
Clover Atonss =. toe ts tas ease ee tose 20) 120 13 
Potatoes, 200 bushels 8 60 3 
— 44 238 27 


Taste IV. FERTILITY IN FARM MANURE AND FERTILIZERS 


Pounds per ton 
Material 
Nitrogen | Phosphorus} Potassium Sulfur 
Breshifarm lmanure- cas. cra. yeas eee aa 10 3 8 5 
Barnyard manure sees. se Nen 7) hear ae eae 10 3 8 5 
Soditiim mnrtraite Me sas. acute Re eas B10: «> We craxcteracleye ei 6a Sadie oe eter emer 
ATAMONMUMOSULALOLa tt oo oer omete en eee £00" SBA Er otc aietiers | paste tecca nate 500 
Raw rocks phosphate ncn ccnqtre soli Cae a ae Vaal Men TOE 250) | aiteteigeatevarstell srevatee clare eke 
Weoid phosphates jaieateon« etamee nee eee el) dec ee 225) SUM cat caren 144 
PotagsuMsuilatescccacet« scaecmac eee ecco een 850 324 
Rotassitim, Chori dann Sass cise sutras eestor eal Pace Ok eh Eee 350) py alletabraoaiteee 
Woodlashessntc Bene. Mat ac) Sa) ee a ghee ree eee 10 LOOE kx: Sie ee ee Eee 
“Complete”’ fertilizer (average)...............0. 33 88 {a eee 
eS Thie eo ensd sc Brees saci eet cde aren oust alaperciarskekgheractsel Baki =e M TSE ae |S ce 360 
Crade stnltan (O87) sett icc e arc eee sacs waavar ign = Sincere: GA ovate ten porno eee oe ote areal ieee ee aa 1,960 


Fertility Removed by Crops. Table III shows that the legumes, corn, 
and root crops are heavy feeders of both phosphorus and potassium. Potas- 
sium is used in especially large amounts by the root crops. Sulfur is drawn 
upon heavily by the legumes and the cabbage family. 

Fertility Returned in Fertilizers (Table IV.) Phosphorus is one of 
the necessary plant-food elements for the growth of all crops, and is regarded 
as the master key to permanent agriculture in humid sections. Crops use 
relatively large amounts of phosphorus compared with the amount in the 
soil. Two-thirds of the phosphorus taken by the crop goes to the seed, and 
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is therefore lost from the farm when the grain is sold. The only way this loss 
can be made up in general farming is by the purchase of phosphate fertilizer. 
On the other hand, all of our heavier soils are well supplied with potassium, 
and in the crop this element remains, for the most part, in the straw and 
stalks, which can be returned to the soil. Nitrogen, while often a limiting 
element, can be supplied from the air by means of a legume crop, which can 
be turned under. Gypsum, superphosphate, and manure are best used to 
supplement the supply of sulfur in these soils. 

There are three carriers of phosphate available for agricultural use in the 
Willamette Valley; viz., acid phosphate, steamed bone meal, and ground raw 
rock phosphate. The former contains phosphorus in an available form, 
besides about seven pounds per hundred of sulfur; it should be used for imme- 
diate results. Rock phosphate and bone meal are best used in large amounts 
in combination with organic matter. Potassium can be purchased as either 
the sulfate of potash or the muriate of potash. 

Results of Field Experiments. Fairly complete and permanent fertilizer 
experiments are now in progress on the main soil types of the Willamette 
Valley. Several of these are located on the home Station farm and include 
crop rotation, so that more than one crop is represented each year. Certain 
applications have proved regularly profitable, and their use is being demon- 
strated by cooperative trials with the county agricultural agents. The 
several trials and their location are shown in Table V. 

Taste V.—SOIL RECLAMATION AND FERTILITY EXPERIMENTS 


When | Number and | Treatments giving 
No. Location Soil type started | kind of plots increases 
1 | College Station Farm...|Dayton Silty Clay] 1914 |Drainage, 9..... Manure; lime; gyp- 
Loam. sum. 
2 | College Station Farm...|Willamette Silty Clay} 1909 |Irrigation, 44...|Irrigation; rotation. 
Loam. 
3 | College Station Farm...|Willamette Silty Clay] 1914 |Fertility, 25....|Manure; lime; phos- 
Loam. phate; sulfur. 
4 | College Station Farm...|Willamette Silty Clay} 1914 |Rotation, 86..../Clover sod land. 
Loam. 
5 | West Stayton (discon-|Salem Gravelly Loam..| 1911 |[rrigation, Irrigation; manure; 
tinued). . Fertility, 22. phosphate; lime. 
6 | College Station Farm...|Dayton Silty Clay| 1919 |Fertility, 24....|Manure; water; 
Loam. phosphate; lime. 
7 | College Station Farm...|Amity Silty Clay Loam.| 1915 |Rotation _and|Irrigation; rotation; 
manure, 14. manure. 
8 | College Station Farm...|Cove Clay.............. 1915 |Soil peporer Manure; quicklime. 
ment, 13. 
9 | 1 mile east of Corvallis..| Newberg Sandy Loam..| 1914 |Fertility, 50.... Maw) phosphate; 
nitrogen. 
10 | A. Abraham’s, 6 miles/Carlton Clay Loam.....| 1921 |Fertility, 22..../Sulfur; phosphate. 
northeast of Corvallis. 
11 | A. G. Salzman’s, 1 mile|/Cascade Silt Loam..... 1920 |Fertility, 20....|Phosphate; manure; 
south of Crown Point. sulfur. 
12 | College Station Farm...|Willamette Silty Clay} 1920 |Manure and 
Loam. i straw, 16. 
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Recommendations. Drainage is the first step in the improvement of 
one-third of the land in the valley floor. About one-half of this land can be 
tiled without crossing the land of other owners. The larger areas will require 
district outlet ditches. Drainage of nearly all these lands is feasible now. 


Proper supplemental irrigation will pay on the naturally drained free 
working soils of the stream bottoms, where water is readily available and 
applied to late season and intensive crops. 


Rotation of crops costs little and is very profitable on all the soils of the 
Valley; it permits increasing the humus and nitrogen supply by the turning 
under of clover sod and other crop residues. As aseven-year average, rotation 
on the Oregon Agricultural College Experiment Station farm has given an 
average net profit of $8.82 with rainfall farming and $14.09 with irrigation 
farming above the profit from continuous cropping. 


Taste VI. VALUE OF ROTATION—7-YEAR AVERAGE 


[Oregon Agricultural College Experiment Station, Department of Soils| 
Average yearly Average net profit 
yield Water re- 
Treatment quirement 
Gain from (Ibs. per lb. 
Acre Acre Acre |rotation or| Acre |dry matter) 
inch manure inch 
Bans: 
Continuoussen. cadscce sehen te U1) 2 a DSB ily at oe eka ee Sine ae 2,909 
IRotatedgurs «cca teen: tee aries LO) al 3 ile Brava oiasatanere 20.37 BieS2 same, Dee cs 2,249 
Rotated and manured.......... FP Oil sall teens eadieeadeea 21.26 Le a SE Se 1,900 
Irrigated continuous............ 9.85 3.82 15 Sill oe Ree Ak 5.12 2,622 
Trrigated and rotated........... 15.74 6.10 29.46 14.09 9.82 1,794 
Trrigated, rotated and manured.| 18.29 7.14 38.39 28.02 12.80 1,425 


The general use of farm manure pays very well on the Valley soils. As a 
seven-year average from one to five dollars an acre has been realized from light 
applications once in three years. 


Gypsum can be profitably used as a top dressing on clover and alfalfa. 


Profits from liming are more certain on the red hill soils and worn grain 
lands in the more humid sections, and on the heavy tiled soils previous to 
seeding down clover. 


Phosphate fertilizers give good returns on the hill soils and the Valley 
soils that have been cropped heavily to grain crops. 


Except on deep peat soils potassium is not likely to prove profitable. 


fe 


Tasty VII. SOIL MANAGEMENT CHART FOR WILLAMETTE VALLEY 


Soil type 


Fertilizer needed 


Crops to which Method Rate 
applied 
deed Hall sors. 2...) Superphosphate . ..| Clover—Potatoes,|Once in 3-year rota-|200-300 lbs. 
grain, corn. tion ahead of cash 
crop. Broadcast 
on land or with 
fertilizer attach- 
ment on planter. 
Lime to start clover.| On old grain land|Broadeast beforel2-3 tons. 
for clover. seeding down. 
Land plaster....... Legumes........... iBroadcasten set nce 100 lbs. 
Nitrogenase). esan Potatoes, corn and|Broadcast..........{100-200 lbs. 
grain when follow- 
ing non-legume. 
2. Valley soils—well | Superphosphate. ..| Grain—potatoes....|Same as above..... 
drained. = 
Witrogén>...-c4-0. Potatoes when fol-|Broadeast.......... 100-200 Ibs. 
lowing non-leg- 
umes. 
Wet Heavy (white and| Lime—after drain-| Before clover....... Broadeast bef ore)2-3 tons. 
half-white). age. seeding down. 
3. Recent stream bot-| Drainage first ...... Alsike, beans, hairy 
tom soils—C ove vetch. 
(black sticky) 
Wapato. 
Newberg sandy (lst| Phosphate with ni-| Alfalfa and clover,|.................-+- As above. 
bottom). trogen added on| potatoes, corn, 


non-legumes. 


grain, beans. 


Land plaster 


Legumes 


Chehalis — brown soil 
(2nd bottom). 


Plaster on legumes . 


Wheat, barley...... 


Potash on deep peat 
Superphosphate on 
acid peat. 


Onions, celery, oats, | 


carrots. 


All Valley soils need humus. Rotation—very profitable. Manure—very profitable. Gypsum 
is excellent for getting clover and young alfalfa—uncertain on vetch. 


EXPERIMENT STATION BULLETINS REFERRED TO OR BEARING ON IMPROVEMENT 
or WILLAMETTE VALLEY SOILS 
1Powers, W. L., Cretcher, Ward. Farm Drainage. Ore. Exp. Sta. Bul. 178. 1921. 
2Powers, W. L. Irrigation and Soil Moisture Investigations in Eastern Oregon. Ore. Exp. Sta. 


Bul. 122. 1914. 


3Powers, W. L. Duty of Water in Irrigation. Ore. Exp. Sta. Bul. 161. 1920. 


Soils department. 


Rational Use of Lime. 


Ore. Exten. Bul. 305. 


1918. 


Ruzek, C. V. Use of Phosphorus on Oregon Soils. Ore. Exp. Sta. Mimeograph. 1919. 
Powers, W. L. Crop Rotation and Permanent Irrigation. Ore. Exp. Sta. Mimeograph. 1919. 
Torgerson ,E. F. Value of Organic Matter. Ore. Exp. Sta. Mimeograph, 1919. 
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Station Bulletin 186 November, 1921 


Oregon Agricultural College 
Experiment Station 


Department of Horticulture 


A New Test for Maturity of the Pear 


Pear Harvesting and Storage Investigations 
(Third Report) 


By 


A. EK. MURNEEK 


CORVALLIS, OREGON 
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SUMMARY 


Pear Harvesting and Storage Investigations have been conducted 
by this Station since 1917 in both the Rogue River and Willamette 
valleys. The present, third, report on this work contains data and 
results of the past four seasons, covering but one phase of the subject, 
the study and development of a reliable test for maturity of the pear. 

The “pressure” test has been found to be a most accurate and 
practical means of measuring the stage of ripeness of pears, par- 
ticularly Bartletts. In this respect it appears to be more delicate 
and convenient than any other test heretofore known or applied for 
this purpose. It is based on a definite correlation between the 
degree of maturity of the fruit and resistance to pressure of tissues 
of the cortex and epidermal regions. 

A special apparatus, known as the “pressure tester,’’ has been 
constructed for this purpose. Several thousand tests were taken 
by means of this instrument. It is now in use in a number of pear- 
growing districts in Oregon and Washington. It promises to be of 
the widest practical application for determining the time of picking 
of almost all varieties of pears and possibly apples also. 

Extensive experience with Bartletts has shown that harvesting of 
this variety should commence when the pressure test indicates an 
average resistance of 35 pounds. The lower limit at which it is still 
safe to pick Bartletts is 25 pounds. Much more mature fruit, how- 
ever, may be safely shipped fresh to nearby markets only, or still 
better to the cannery or the drying plant. 

The Bose during its picking season should register 24 to 20 pounds, 
as measured by this method of testing. Other Jate fall or winter 
pears show somewhat different but just as consistent figures. Tables 
of seasonal tests with practically all leading commercial varieties of 
pears are given. 


Only freshly picked uninjured fruit can be employed for testing 
by this method. To overcome individual variations each lot must 
be made up of 10 to 15 specimens. They should represent an average 
condition of the orchard or a particular section thereof. 

Investigations of increase in size of Bartletts show a close correla- 
tion between increase in transverse diameter and a corresponding 
increase in weight. Average seven-day increments in this respect 
were found to be 5.1 percent in size and 17.7 percent in weight, 
while such average increase in a fourteen-day period was 10.1 percent 
and 35.4 percent, respectively. The ratio of percentage increase in 
diameter to percentage increase in weight is close to 1 : 3.5. In order 
safely to realize the largest possible tonnage, however, the exact 
stage of maturity of the fruit must be determined. The pressure 
test may be used as the most reliable guide for this purpose. 
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A New Test for Maturity of the Pear 


Pear Harvesting and Storage Investigations 


(Third Report) 


INTRODUCTION 


Protracted experience has taught the’ grower that pears, unlike most 
other fruits, must be harvested in a comparatively immature condition. Thus 
Bartletts, our predominating commercial variety, for instance, when picked 
quite hard and green will ripen off the tree and attain the highest quality. 
In most sections, however, the harvesting season of this variety usually 
extends for a period of twenty-five to thirty-five days, while it may take six 
to eight weeks from the date of the first commercial picking to the time the 
fruit becomes fully ripe on the tree!. Hence there are often considerable 
variations in the picking dates, which are entirely independent of the usual 
seasonal oscillations of the harvesting period. The question naturally arises 
as to when is a pear, Bartlett for example, ready to be picked, in order that 
the highest keeping and eating quality may be realized. But this leads us 
directly to the prerequisite consideration of the changes in maturity of the 
fruit. 


Many tests have been used to ascertain the degree of development or stage 
of maturity of pears, such as changes in the color of the skin or epidermis; 
ease with which the fruit stem will separate from the spur; plumpness and 
smoothness of the fruit as a whole; the color and toughness of seeds; ease 
with which the finger may be pressed into the fruit; testing for sweetness 
by means of chewing, or for disappearance of starch by means of potassium 
iodide; and others too numerous to mention here. Ordinarily, however, the 
picking season for fresh shipments of Bartletts commences when the fruit 
approaches 214 inches in its largest transverse diameter. Thus it is seen that 
there exists a great diversity of opinions regarding the means of determining 
the exact stage of maturity of pears. The situation becomes still more aggra- 
vated due to the uncertainty and frequent fluctuations of the market. 


Mindful of this situation, the Oregon Agricultural Experiment Station 
has during the past few seasons endeavored to find a simple but reliable test 
or indicator for maturity of the pear. This has been made an integral part 
of the Pear Harvesting and Storage Investigations, which were begun in the 
Rogue River Valley in the summer of 1917 and were extended to and continued 
in the Willamette Valley. A brief account will be given here of that part of 
the preliminary work touching directly upon the subject of maturity. 


1J. R. Magness. Investigations in the ripening and storage of Bartlett Pears. Journ. Agr. 
Research XIX: 10, Aug. 16, 1920, pp. 473-500. 


PRELIMINARY INVESTIGATIONS, 1917, 1918 


As a result of the first season’s studies? an apparent correlation was found 
to exist between the time of picking and quality of fruit secured. Pears 
gathered early in the season not only shriveled considerably, which de- 
tracted from their general appearance, but were very poor in quality and 
lacked the distinctive characteristic flavor of the variety. These conditions 
were true with all varieties, including the Bartlett. No correlation, however, 
could be established between size of fruit and keeping quality, for both small 
and large specimens ripened at the same time. Moreover, it was noted that 
without apparent justification, there has been an increasing tendency among 
the growers of the Rogue River Valley to pick their crops earlier and earlier. 
This brings out the fact that size cannot at all be used as a guide in determining 
the stage of maturity or time of picking of the fruit. The potassium iodide 
test for starch, which for a while had been popular among the growers, was 
found to be very unreliable. Specific gravity tests with all the leading varieties 
of pears—Bartlett, Bosc, Anjou, Comice, Howell, Clairgeau—gave nothing 
of value. Chemical analyses for the amount of moisture, acid, and sugars were 
rather conflicting in results, showing no definite correlation between time of 
picking or eating quality and the changes in amount of moisture, acidity, 
and sugar content. As the chemical work was conducted under extremely 
unfavorable conditions, the fruit being shipped a distance of several hundred 
miles to the Station’s chemical laboratory, these data cannot be considered 
indicative of the real chemical changes in pears at the time of picking or while 
instorage. The recent excellent investigations with Bartlett pears by Magness! 
give ample testimony to this effect. 


To verify the records of the previous season, additional, more detailed 
evidence on the relative increase in size of Bartletts was secured in 1918?. 
It was found that throughout the season the fruit enlarged proportionally 
faster in transverse diameter than in the longitudinal. Consequently trans- 
verse diameter measurements may be used as a fair index of the relative 
changes in size of pears. Incomplete agreement with the results of the previous 
season, it was found that in no instance was size of the fruit a factor in ripening 
and decay. Seasonal differences in this respect were, however, very marked. 
Karly-picked specimens were decidedly inferior in quality to those harvested 
on later dates, thus corroborating the observations of 1917. These facts 
emphasized once more the necessity of a test-or unit of measurement of the 
maturity of the fruit. 


The investigations in 1918 were extended also toarather careful examination 
of the fruit for any possible morphological changes, other than size. The 


2C. I. Lewis, J. R. Magness, and C. C. Cate. Preliminary Report of Pear Harvesting and 
Storage Investigations in the Rogue River Valley. Ore. Agr. Col. Exp. Sta. Bul. 154, 1918. 


3C. I. Lewis, A. E. Murneek, and C. C. Cate. Pear Harvesting and Storage Investigations i 
the Rogue River Valley (Second Report). Ore. Agr. Col. Exp. Sta. Bul. 162, 1919. oF sdigoeet 


results were negative. So, too, all of the previously described tests, which at 
some time or other had been in vogue among the growers, were considered in 
turn and found to be untenable. Of the various new testing methods under 
investigation, a simple one, since then known as the ‘‘pressure test,’ gave, 
however, strikingly satisfactory and reliable results. Work extending through 
three additional seasons has furnished enough evidence that this is by far 
the most delicate and at the same time the most practical means of measuring 
the maturity of pears. 


THE “PRESSURE TEST” AS A MEASURE OF MATURITY 
OF THE PEAR 
APPARATUS AND METHOD OF PROCEDURE 
This new test is based upon the fact that during the growth and maturing 


of the pear, and for that matter of many other fruits, there is a gradual and 
consistent change in physical resistance to wounding or pressure of the cortex 


Fic. 1 Spring scale and pan used for testing pears in 1918. 


or fleshy part of the fruit. To measure this change, a simple apparatus was 
constructed for the first year’s preliminary work. It consisted of a steel ball, 
about one-half inch in diameter, half imbedded in a block of hard wood, which 
was then placed in a pan and attached to a spring scale (Fig. 1). The fruit 
was pressed slowly at the point of its largest diameter upon this ball till it 
came in contact with the wood. The amount of pressure required to penetrate 
the tissues was registered in pounds on the scale. It is readily seen that the 
principle of this method of testing is nothing but a modification of the common 
and popular practice of pressing one’s thumb into a fruit to tell whether it 
is ready toeat. Crude as it may appear, it was found to be surprisingly delicate. 


Fig. 2. Bartlett pears, showing position of pressure punctures. 


Samples of fifteen pears, obtained from four typical orchards in the Rogue 
River Valley, were used on each day of testing. Every specimen was pressed 
three times and on one, the green side, only, thus eliminating to some extent 
any possible variation due to either structure of the tissues or cell contents 
(Fig. 2). This testing was done within six hours after picking the fruit. Alto- 
gether 180 readings were made on each day. Another series of records from 
the same specimens was obtained about twenty-four hours later by pressing 
again, three times, the adjoining parts of the fruit. The results being en- 
couraging from the very start, the test was repeated at intervals of three days 
throughout the shipping season on both the Bartlett and Bose varieties. All 
data of this first year’s work may be found in detail in Oregon Agricultural 
College Experiment Station Bulletin 1623. 


During the following season a new and more convenient apparatus was 
constructed especially for this purpose. In principle it is similar to the one 
employed in 1918. Briefly it consists of a blunt, rounded plunger. one-half 


inch in diameter, running through a jacket-and connected with a lever (Fig. 3). 
A movable ring, separated from the stationary jacket by_a spring, runs over 
the top of the plunger to a definite distance when contact is made, causing an 
electric bell to ring. In operating this tester, fruit is placed in a padded 
stand on top of an ordinary family scale. The plunger then is pressed slowly 
by means of the lever, into the side of the fruit at the point of its greatest 
diameter. The plunger penetrates to a definite distance; i. e., till the bell 
rings. The weight required for this pressure is read on the scale. This ap- 
paratus has since been still further improved in mechanical detail (Fig. 4). 
During the seasons of 1919, 1920, and 1921, several thousand tests on all leading 
varieties of pears were made by means of this apparatus in the Rogue River 
and Willamette valleys. All fruit for this purpose was obtained from orchards 
exhibiting diverse conditions in physical character and moisture content of 


Fic. 3. The pressure apparatus. 
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the soil. The test has been found to be highly satisfactory and is now in use 
in a number of fruit-growing districts in Oregon and Washington. 


Fic. 4. Improved type of the pressure apparatus. 


11 


PRESENTATION OF DATA, BARTLETTS 


No attempt will be made to give here all the detailed data on this work. 
Those wishing to see some such records are referred to an earlier publication 
of this Station *, where summaries of pressure tests on each day of testing, as 
conducted in 1918, are given in detail. As examples, however, a number of 
tables are introduced here. 


TABLE I, SAMPLE TABLES EN LS SC sh IN PRESSURE OF BARTLETT 
ARS 


Ss 


Corvallis Orchard Company Orchard, Willamette Valley, 1920. 


Sept. 7 Sept. 11 
Lbs. Lbs. 
34 33 33 30 30 = 29 
35 35 36 28 29 30 
36 35 35 33 35 32 
35 35 85 30) 29 28 
32 32 33 33 33 33 
31 32 33 31 30 31 
35 34 34 32 32 33 
34 32 34 33 32 33 
35 34 35 33 32 33 
32 33 32 33 34 35 
SOME t3Dn oO 30 31 30 
32 33 33 33 32 34 
36 35 36 32 33 34 
33 34 34 34 33 Se 
33 35 33 32 32 33 
Average..........34 34 34 AVeragein. oi... 02 32 32 


TABLE II. SAMPLE TABLE GIVING Gospeaes OF PRESSURE TESTS, BARTLETT 
PEARS’ 


Bear Creek Orchard, Rogue River Valley, 1918. 
(1) Picked 8/1: 
Gy pp estedtanvonO hOUTSeertan err. tts. omen echt cites oa eee 
(b) Tested after 30 hours 
(2) Picked 8/2: 


(EN eb ested tal tECIOTDOULSH Mots Ss Nr ce te Se ee aa te. eh Let ch ohhh A cath Mattes all the ; 
(Sy) eeRestod sites ihGursn ao aes Pe tare tse att ti Selo Brn rele, bins ee ee hee 36.0 
3) Picked 8/6: 
2 : (@artestedtatton Gaboursiy4. 2 aa tie. aoe ete ese a AE Pe devices 9, ce 8 Re ee es a 33.0 
; GD mes Ged pallersgUsNOUrS set etter eere hae te ahs mae ot ea |i cick ce ee ee ee 36.0 
4) Picked 8/8: 
S (@)ieestedsattersGshoursa tee tty eyes eee ee ee ace eater ertroan, cui Garon wa Makino 31.0 
(Dye Lesced carter cOmOUlod. un eure cate otto tha ities bastante are 32.0 
5) Picked 8/12: 
2) (a@)mehested ahbenOmours sone antennae into nue tee amit: crn ia css ee ae. atl 30.0 
(i) ee Restediatter sO hours, peracetic on eee en ee tet Ae EL Le ala 31.0 
6) Picked 8/15: 
wy (EN GRESEGA ATU NOEL es apt eee BRON HORSE aeiciod OO.0c aii D Oa Tone Ronee ena reer 27.0 
(Deeeested st torisOmnOuLae yen ck ee aaa Aa MMM yoRet erst tape Soe stkecars ce uae nag fa aele 29.0 
7) Picked 8/19: 
% (ambos ted alcemoshOUrs sep attr fetes ais fasts soe Mee BRM Meee Soe ee ayes oon Rew Oacdvonddse el ayes egeie 26.0 
(Bee estadvantoro0 MO ULS mrrtal eau atric geen trit aie anne nnccrede ies ccs ice-ta-orerite aetsne 27.0 
8) Picked 8/22: : 
: (See RESTCULALLOR Ox OUTS! Mette Meet. haa cen eat ay eNedsi sate ee jaya ae delat a aa, tp weave caseay tert : 25.0 
(tae INES Fete PVT UPN OUTED. 3 F Sir Sieve oe ome iste S27 Pere ARR sa otto 00 Sea an ee Cee Snes 5 ABS 
9) Picked 8/25: 
: (Ga), “SRE STINT lod OU sl hoo eae sem ares geen Sa Glee 60.0 cic An COM ent Ane orks 24 5 
(5). THES HOG WNUCIRC UO op ale, 2a Geto admasaricasecel petiole bab aen Oe ara ea Rees en Ante . 24.5 
INGA ERE TP ICE Sn. oh Oe op eras Ovita- ic tcc Gee Conrers O12: CLEOIONEAr ERS Ore T ean teas enn mre een F ie 
Number of fruits per lot............... whevarheoammde aon ce angie case Oueies te Suge a EReoneL ar ces. Pe 
INR DETTOL pLeSstine tests LOL CACKILOA CIN Bape tates seer seliicitel ita yees(eosiy wie iets aisle tele) won : a 


Total number of pressure tests ...............5-- Tere 
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TABLE III. SAMPLE TABLE GIVING Sea ce OF PRESSURE TESTS, BARTLETT 
ARS 


Corvallis Orchard Company Orchard, Willamette Valley, 1920. 


(1) Picked 8/20: Ave. lbs 
Tested vatter 6hhourss Ce Cie ais Oe Pee tec eR cette ae ce es Ves ar hea oe een ee Reet oe 43 
(2) Picked 8/23: 


Tested: alter GgOUTS. c2e oe eit ths Se eee oe ea Se eet ree een rere verre s 42 
(3) Picked 8/27: é 

Tested after 6 ROUWrss: 6: c.ccsiec yeh a ae es eae Boece 2 Pe Eve SP at oe eae ee SR 38 
(4) Picked 8/30: 

Tested afterG:NOuns’s cies jac aees skater erste rate rela ahsee ret oee ly Sages To ae fe eae eee 37.5 
(5) Picked 9/2: = . 

Tested after 6 hours........: SR Cr ae Pe SU ean one oo prac uow Oo ooo emer 35 
(6) Picked 9/7: 

Testediafter: Gi nOUrsisc ac -wcatrties i tsces eee ee nee ane crn oe Nee eT eRe eee see 34 
(7) Picked 9/11: 

‘Tested: after, 6 hoursit< cons 5 ste ooo ce QOS Sot a et ho rE Ene 32 
8) Picked 9/14: 

Tested after'6 hourses.« os 2s satu acne rece aaa cence ete era ine ealeiek pole DI56 
(9) Picked 9/17: 

Tested after 6:houre iss x iccse ares orn scheerarecotond-s Sc heath Maaco aay crea oR Cees 20 
By ural orc) a0) 100i: pane) FN yo ee oe te Sein te et MMs a ner eran dein orients 9 
Number’ of fruitaiperilotwenc.o ies scie oom ciaiaverscecusreiptoturt act Hat Pau tee pi heeds Geert heme cae aioe 15 
Number of pressurestestsior each’ reading:cs.0 a=. ssi tonrtiem ec ionr cata ite ene ees 45 
Total: number Of Pressuretests wy soci hee ee ore on tle san ce Er cee cra 405 


Table I is an example of two original record sheets of pressure tests on 
Bartletts taken from the same orchard on September 7 and 11, respectively. 
They are illustrative of the method of recording the condition of fruit on a 
certain day. It is seen that each lot contained fifteen pears and that every 
fruit was tested three times. Thus in each case forty-five readings were taken 
as an average unit of the condition of fruit in that particular orchard on a 
certain date. Naturally, as may be expected of organic forms, considerable 
variation is exhibited by the different specimens and some variation even 
within an individual fruit. On condensing to a summary a number of readings 
this variation, however, is effectively overcome. 


Tables II and II] are introduced as typical examples of summaries of pressure 
tests of fruit taken throughout the season from the various orchards. In the 
case of those of the Bear Creek orchard, in 1918 (Table II), it is fo be noted 
that each lot was tested twice, 6 hours and 30 hours, respectively, after picking. 
As it was soon learned that data obtained within 6 hours after procuring the 
fruit were much more reliable than those taken a day later, only the former 
were considered during the last two seasons of the investigation. This is shown 
in Table III, giving summary of pressure tests of Bartletts in the Corvallis 
Orchard Company orchard in 1920. 
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The summaries of results of all tests on Bartlett pears in 1918 to 1921, 
inclusive, are presented in Tables IV to VIII. 


TABLE IV. GENERAL SUMMARY OF PRESSURE TESTS, BARTLETT PEARS 
Approximately 6 hours after picking. 
Rogue River Valley, 1918. 


TotiN a ORCHARD 
sot No. ate Shipping 
Average Phippine 
Fiero Bear Hillerest | Speck 
Creek 
lbs. lbs. lbs lbs lbs. 
(eter ie. NOUS LU fe eee 35.0 35.0 Bono 30.0 34.50 
OC). See ae AUGUSt 2s 33.0 OL Oe a aerracmets llamas 32.40 45 
(Qa ree: August 5-6........ 32.0 33.0 31.0 28.0 31.20 
(COR Ss Seen August 8-9 ........ 31.0 31,0); 30.0 28.0 30.05 
US) arm hec ces ote AtgtIstul a ty ey se. 30.0 30.0 29.0 28.0 29.20 
HON e cetera scan c Ampustel Soneere nen 29.0 27.0 28.5 26.0 27.80 
(0 cic een August 19-20...... 27.0 26.0 25.0 24.5 25.40 
(CS) Sean Auguste?) shee. Doe 25.0 24.0 23.0 24.40 
(ODF ete on PRGURVER PAO reeves re 25.0 24.5 24.0 24.0 24.30 
(EEO iepoenstes ree AUIZUSEI2O Herendeen tee cle ace cae Ps LR ii 6 RSIS 
(UI ee ae AUgUStSD omen | Meee ne |e 774 | Madan deo came adil (0 ales Cte | 
(D2) ees evrt cre: September 3. 2G (ieee Lorene fer oe, 14:2 oe DANO eae: 120 al Pees eae 
(US ewer ecetersn ae Septemberidiaare all otieae eeu Bk Dyed feb ire Tie RR ee 
CO earn ct September m2 gen) erect Neue ZOE ogee | oar eye ellie ese 
(oa aee September lO ney n|teace oct |e ae 1330) Sen case uy S| meetin 


TABLE V. GENERAL SUMMARY OF PRESSURE TESTS, BARTLETT PEARS 
Approximately 6 hours after picking. 
Rogue River Valley, 1919 


ORCHARD z 
oe joHipping 
Lot No. Date Average season 
Hillcrest c- Bear Car- So. Ore. 
Creadie Creek penter | Ex. Sta. 
lbs. lbs. lbs. lbs, lbs. lbs. 
(CD) Bikers 36.0 34.5 37.0 35.0 36.0 35.7 
(Qe ar. 36.0 32.5 36.5 34.5 26.0 35.1 
(3) eee 35.5 33.5 35.5 35.5 35.5 35.1 
(Betas 35.5 31.0 35.0 35.5 33.0 34.0 
(eee 32.5 29.5 32.0 33.5 33.0 32.1 
(GO) ieee 33.0 29.0 32.0 32.5 32.0 31.7 
ree: 32.5 28.5 31.5 33.5 32.5 31.7 
CB) avigen i: 32.0 28.0 30.0 31.0 31.5 30.5 
Oy a: 31.5 27.5 29.0 30.0 29.0 29.4 
(QO) rons, 28.5 27.0 27.0 28.5 28.0 27.8 
GR ete race DOwOr wh states 26.5 27.0 27.0 26.5 


TABLE VI. GENERAL SUMMARY OF PRESSURE TESTS, BARTLETT PEARS 
Approximately 6 hours after picking. 
Willamette Valley, 1920. 


ORCHARD 
. Shipping 
Lot No. Date Corvallis | Corvallis Average season 
Sheak Reed Orchard | Orchard 
Co. Co. 

Hill Bottom 
lbs. lbs. lbs. lbs. lbs. 
(0) Aen ee BET 2, | ee 38.0 42.5 43.0 39.5 40.8 
(2) iriver nish Be (tie Fee eg RP 34.0 41.5 42.0 36.5 38.5 
Ga ian craane Aug. 27 35.0 40.5 38.0 36.5 37.5 
A a! aot 25 wat Aug. 30 33.5 39.5 37.5 36.5 36.7 
(GS) steelers ries Septedin ct. nar 33.0 87.5 35.0 32.5 34.5 
(CO ie ee eee Oe che wicainontt 30.0 36.5 34.0 32.5 33.2 
(CD) Seren aca Septal le... cnarce 29.5 34.5 32.0 30.5 31.6 
(Bare cage nets Hers) saat OS en DA OL S| iter 27.5 30.0 27.2 
(CO) coerce Septntiinsncaccsi 1S Oman Mea DORM oI Mevccencre 19.2 
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TABLE VII. GENERAL SUMMARY OF PRESSURE TESTS, BARTLETT PEARS 
Approximately 6 hours after picking. 


Willamette Valley, 1921. 


ORCHARD 
E Shipping 
Lot No. Date Corvallis | Corvallis Average season 

Sheak Orchard Orchard 

Co. Co. 

Hill Bottom 
lbs. lbs. lbs. lbs. 
41.0 40.5 41.5 41.0 
37.0 37.5 35.5 36.7 
35.5 37.5 35.5 36.2 
33.0 33.0 35.5 33.8 
31.5 32.0 33.0 32.2 
29.5 31.5 32.0 31.0 
29.5 31.0 32.0 30.8 | 
205 29.5 31.0 29.3 


TABLE VIII. SUMMARY OF PRESSURE TESTS, BARTLETT PHARS, 1918 AND 1919 
Six hours and thirty hours after picking. 


1918 


Lot No. 


Date 


Average 
6 hours 


Average 
30 hours 


Lot No. 


Average 
6 hours 


Average 
30 hours 
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It should be noted that during each season pears from several representative 
orchards have been taken into consideration and that the testing was done at 
close, usually three-day intervals. These tables give at a glance the general 
changes in resistance to pressure of Bartlett pears from a particular orchard 
in a certain year and also, by summarizing these results, the average seasonal 
changes in a section, in these cases the Rogue River Valley for 1918 and 1919, 
and the Willamette Valley for 1920 and 1921. Difference in response to this 
test when records were taken approximately 6 to 30 hours, respectively, after 
picking are shown in Table VIII. 

In order to learn of the existence of a possible correlation between general 
increase in size and differences in resistance to pressure, diameter measure- 
ments were taken of all Bartlett pears used for testing in 1918-1920. These 
are given in Tables IX to XI. This information is of particular importance, 
since, as previously stated, the orchardist is often guided by size in his de- 
terminations of the time of picking the crop. 


TABLD IX. DIAMETER MEASUREMENTS OF BARTLETT PEARS 
Rogue River Valley, 1918. 


ORCHARD 
Lot No. Average 
Fiero Bear Creek | Hillerest Speck 

in. in. in. in. 
2.19 2.07 2.20 mie, 
EOL eee lees eee 2.20 2.26 
2.23 2.15 2.17 2.20 
Dang) 2.21 2.31 endl 
2.38 2.28 2.34 2.35 
2.47 2.28 2.39 2.39 
ZapD 2208 2.59 2.52 
2.61 2.02 2.49 2.52 
2.64 2.36 2.58 2.08 

cre Sheer liett october 2.46 Stale wags bab, sees 

Shee eAsador 25) Ente a te FE es Rehan a ies one 

PoP cod Caer a 2.32 Dieta a aaa ave tsa ro/| eae apedetade aya mets 

Be ora toate 2.31 ete oad | aston eee 

Beene eee 2.30 Porritt, Geel Raa phen eee 

RES ee 2.29 PE Creatine | Sah eats ick ch 

TABLE X. DIAMETER MEASUREMENTS OF BARTLETT PEARS 
Rogue River Valley, 1919. 
ORCHARD 
Lot No. Average 
Hillerest | McCreadie | Bear Creek | Carpenter | So. Ore. 
Exp. Sta 

in. in. in. He Kee he 
ID) so bue lee Bees OOo 2.33 2230 2.28 2.22 AS Be 
5 MR Tr ei Teles i 2.28 2.39 2.35 2.25 2.55 2.36 
(SV ibare te ce ceva ee 232 2.39 2.36 2.33 2.62 2.40 
(CD) eae: Ree epee 2.36 2.47 2.43 2.34 2.58 2.44 
(GS) eee e een Reamer 2.34 2.55 2.38 2.36 200 2.48 
(G) eterenay- ie kaa ok 2.43 2.53 2.41 2.40 2.82 2752 
(UU Renee tists, Secours 2.40 2.52 Daeo 2 44 2.72 2.48 
(8) Meceseyts Bete Abe ts Fe 2.48 2.49 2.43 2.57 Qld 2206 
(is aia cope 2.46 PeeVl 2.44 2.34 2.81 2752 
CLO) ae ee ive cate ak 2.43 2.32 2.51 2.43 2.94 ROD 
(HU) Fee cesor chr ictRooe detec DIRGT re =) Reece ene ets 2.54 2.59 2.97 2.65 
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TABLE XI. DIAMETER MEASUREMENTS OF BARTLETT PEARS 
Willamette Valley, 1920. 


ORCHARD 
Lot No. Average 
Sheak Reed Corvallis | Corvallis 
Orchard Co.}Orchard Co. 

Hill Bottom 
in. in. in. in. in. 
A SRE chit Re Pe A Re At 2.46 2.47 2.33 2.46 2.43 
Pear aberrmrarr rc 2.34 2.49 2.42 2.42 2.42 
Pi cctesen aeeey as 2.34 2.43 2.51 2.48 2.46 
oes ays ete oat py Nosed cyst ‘ 2.30 2.60 2.70 2.53 2.53 
La Een A OER eae ce ta teinoiarivens 2.40 2.52 2.63 2.47 2.50 
ata a TATA ENS Le tea ee ee 2.42 2.54 2.63 2.65 2.56 
Fs hey COTS OT 3 oe EO oe Oe 2.43 2.68 2.72 2.67 2.62 
bord act Yo Den eR SP SIS Er RD aE TS 2.53 Sree Renita 2.52 2.64 2.56 
Sighs OSes recess Peake AES PR 2.39 ets actenyec 2.80 isayh Cede cea 2.59 


DISCUSSION OF RESULTS 


Judging from the results obtained during the four seasons, it is quite evident 
that a distinct correlation exists between the stage of maturity of a Bartlett 
pear and resistance to physical pressure of the outer regions of the fruit, the 
tissues of epidermis and cortex. The data each year show a really remarkable 
consistence in this respect. The minor variations of individual orchards 
may be easily explained by variations in collecting the different lots on each 
day of testing. Though the fruit was usually obtained from the same tree, 
naturally no two successive collections were made up of specimens that were 
similarly situated on the tree or had a like exposure. Moreover, it was found 
by actual experience that any injury to the fruit, such as limb rubs, attacks 
of insects or fungi, had a considerable effect upon the physical conformation 
or physiological condition of the tissues and hence upon the response to a 
physical test of this kind. So, too, the amount of russeting and red pigment 
or “‘blush’’ produced a marked difference in this respect. Though such speci- 
mens were eliminated as much as possible, some of them perforce had to be used. 


A point of much greater significance is illustrated by the fact that there is 
a consistent difference in the stage of maturity, as determined by this test, of 
Bartletts obtained from the same orchard. Thus, fruit from the Speck orchard, 
in 1918, was much riper throughout the season than that from the other 
orchards (Table IV). The same was true of McCreadie orchard in 1919 (Table 
V), and the Sheak orchard in 1920 and 1921 (Tables VI and VII). While it is 
commonly known that because of location, exposure, soil conditions, moisture, 
and other factors, fruit will ripen in one orchard a number of days earlier than 
in another, though the orchards be in close proximity, no definite estimation 
of such differences has ever been made. The pressure test will clearly show 
these environmental differences. In this respect it appears of undoubted value. 

As viewed from Table VITI, pressure tests taken within 6 hours after picking 
are distinctly more reliable than those recorded 24 hours later. Fruit used for 
this second set of data was kept at ordinary room temperature. The weather 
being usually warm during the shipping season, the epidermis and cortex were 
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naturally affected, resulting in a marked increase in resistance to the same 
pressure. As the season progressed, increase in pliability of the epidermis 
resulting in greater increase in resistance was partly and later totally over- 
come by a rapid increase in ripeness of the tissues of the cortex. This is graphi- 
cally illustrated in Fig. 5. Towards the end of the season, pears kept at 
ordinary room temperature until the next day were considerably riper than 
those recently picked and tested within 6 hours. This brings out the important 
point that no fruit procured the day before can be used with reliability for this 
kind of testing, while freshly picked specimens, tested shortly after picking, 
are entirely satisfactory. This is of particular significance at the end of the 
harvesting season. 


Fic. 6. Bose pears, showing position of pressure punctures 


Although there is naturally a fairly gradual increase in the transverse 
diameter of Bartletts at the time the tests were made, this change in size is 
not at all consistent for either the specimens on the same tree, the same 
orchard, or between two orchards under consideration (Tables [X-XI). In 
other words, no definite correlation was found to exist between the increase 
in diameter of fruit and the gradual and definite lowering of resistance to 
pressure. In order to add still further information on this question, a double 
amount of fruit was used in 1918. The fruit was grouped into two lots, each 
representing average extremes in diameter. No difference in resistance was 
noted. This result agrees with the facts brought forth in connection with 
our storage work with pears ? *, when it was found that both small and large 
pears of the same variety ripened and decayed at the same time. 
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Fig. 5. Graph showing approximate number of cars of Bartlett pears shipped from Medford 
Oregon, in 1918 and records of pressure tests for that season. 
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TESTS OF OTHER VARIETIES 


Bosc. To find whether such a test would be applicable to other varieties 
beside the Bartlett, it was used on practically all leading commercial fall 
pears. The Bosc, for instance, was tested in a similar way during its picking 
and shipping season (Fig. 6). In both 1918 and 1919, fruit was obtained from 
four representative orchards, and tested at three- and four-day intervals. 


TABLE XII. GENERAL SUMMARY OF PRESSURE TESTS, BOSC PEARS 
Rogue River Valley, 1918. 


ORCHARD 
Lot No. Date Average 
Bear Creek | Hillcrest Kenly Hollywood 

lbs lbs. lbs. lbs. lbs. 
"hose ia ele ANIQ ent = tcets 25.2 24.0 26.7 25.3 25.3 
CAh sn. cake eee ATE. 26 earn mony: 24.0 24.5 27.3 25.0 2532 
(Sto ieee oe Aug. 28.. 24.7 23.5 26.3 24.2 24.7 
(Aiea erst eee: Ag Blyton on. 24.5 24.5 25.5 24.2 24.7 
(eae ae eee Sept. 3) eieeea. PBS. 07) 22.7 24.2 23.2 23.4 
(G)merrers sone Sept ere 22.5 23.3 25.0 23.0 23.4 
COR ee SOD EEG Ree eS. ic tate VATS seal WS ao meme 20.2 aber 
KS) te oe Septal Om yy Mee tres. Aare Gy mae nS Soe 20.2 20.8 


TABLE XIII. GENERAL SUMMARY OF PRESSURE TESTS, BOSC PEARS 
Rogue River Valley, 1919. 


ORCHARD 
Lot No. Date | Average 

Hill Willard Hillcrest So. Ore. 

Exp. Sta. 
lbs. lbs. lbs. lbs. lbs. 
(0 Viney sf ace aN TAQ AG re caereanziere 29.0 28.5 29.0 29.5 29.0 
ANE IAD Oa ae AR 20 roth cr 28.0 28.5 28.0 29.0 28.4 
(5 ac: teed ole eae ANE Bt ee ots ates 26.5 27.0 26.0 25.5 26.2 
5 ee, SA Sega Repti an ocr. ee 24.5 27.0 25.0 25.0 25.4 
eM ichens ticket oper Heat. 44ee ee 25.0 26.5 24.5 25.5 25.4 
KGieten fran aes se Sept. Sin. on-5- 23.0 25.0 23.0 24.5 23.9 
(Gita ea 2 Rk Sept, lve = 2 23.0 24.0 22.5 23.5 23.2 
(Ca ee eee Dont Ad cas oases 22.0 22.5 21.5 23.5 22.4 
ee ciel eee are SOG. 1S once ces 21.0 23.0 22.0 22.0 22.0 


The results obtained were very much like those of the Bartlett. This is true 
both in respect to individual orchards and the general averages for the season. 
The decline in resistance to pressure is, however, not nearly so rapid in the case 
of the Bosc, though quite uniform and consistent. The difference of the two 
varieties in this respect is evidently due to a much slower ripening of the 
Bose and to the rougher character of the epidermis. 


Howell, Anjou, Comice, Winter Nelis. While no special study was 
made of other commercial varieties, a number of samples of Howell, Anjou, 
Comice, and Winter Nelis were tested as they were brought in unsolicited by 
growers during the commercial season in 1919. These samples in each case 
consisted of but a few fruits, in many instances half a dozen or less. So, too, 
on some dates a number of samples were used to draw an average for that 
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particular day, while on others, there was only one sample to be considered. 
And naturally the fruit came from a large number of orchards. Thus in the 
case of Howell pears, eight orchards were involved; Anjou, eleven; Comice, 
ten; Winter Nelis, ten. It is surprising that even under such diverse condi- 
tions, the results have been so uniform. More consistent evidence is obtained 
when pears coming from a single orchard are considered, in this case two lots 
of Anjous. Note the uniformity in change of maturity as measured by the 
pressure test (Table XVI). . The considerable fluctuations in Tables XV and 
XVII are readily explainable by the close, often daily, intervals of testing 
and the great variation in the number of samples considered on the respective 
dates. Accordingly it would appear that this test might be successfully used 
on all pears. But because of the comparatively much coarser nature of the 
epidermis of some of the fall varieties and the more gradual changes in matur- 
ity, the differences are not so pronounced as with the Bartlett. 


TABLE XIV. SUMMARY OF PRESSURE TESTS, HOWELL PEARS 
Rogue River Valley, 1919. 


Diator re st. sre cae te ears Aug.8 Aug.9 Aug.11 Aug.15 Aug.18 Aug.25 Aug. 29 
‘Average-lbs. rn adit acdsee 31 29.5-+- 29.5— 29 28 26 24 
No; OF Samples: 2 ioc. cients 3 3 4 3 1 1 1 


TABLE XV. SUMMARY OF PRESSURE TESTS, ANJOU PEARS 
Rogue River Valley, 1919. 


ate fc oe Aug. 20 Aug. 22 Aug. 27 Aug. 28 Aug. 29 Aug. 30 Sept.2 Sept.6 Sept.10 Sept.15 
Average lbs........ 26 27.5 24.5 25.8 25 23.5 23.8 22.2 22.2 18.5 
No. of samples..... 1 2 2 3 6 1 6 2 2 1 


TABLE XVI. PRESSURE TESTS, ANJOU PEARS FROM INDIVIDUAL ORCHARDS 


Orchard Dillon Hill, 1919. 

DD) aterm aones chron aco eteaec en eer tae August 28 September 2 September 10 September 15 
AV OL AEGIS fn.c cat eae rs curiae etic 26 23 22.5 18.5 
Orchard Corvallis Orchard Co., 1920. 

Daten. Ronee September 7 September11 September17 September 21 October 7 
Average lbs........ 35.5 34 31 30 28.5 


TABLE XVII. SUMMARY OF PRESSURE TESTS, COMICE PEARS 
Rogue River Valley, 1919. 


me 
Dates! Ree SS, Aug. 28 Aug. 29 Aug. 30 Sept.1 Sept.2 Sept.4 Sept.6 Sept.10 Sept.15 Sept. 25 
Average Moses Aries 2 22.2 21.5 19.5 19.0 19.2 19.5 19.0 18.2 16.9 16.5 
No. of samples..... 3 1 1 + 2 2 3 3 4 1 


TABLE XVIII. SUMMARY OF PRESSURE TESTS, WINTER NELIS PEARS 
Rogue River Valley, 1919. 


eee 
Daterl Went nna ee a 3) Sept. 10 Sept. 12 Sept. 15 « Sept. 18 Sept. 19 Sept. 20 
Average lDst ian, cesebes bean 28.5 29 27.3 28.5 26.2 26 

INO WOES less an.. en cra 1 1 5 ite 5) 


Apples. ‘The few trials with apples show, too, that the use of this method 
of determination of the stage of maturity may be applied to this fruit also. 
While only two varieties of apples have been taken into account, the results 
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are quite indicative. ‘Table XIX shows that Grimes, for example, changed 
in resistance to pressure, between September 7 and 23, from 31.5 to 28 pounds, 
and Wagener, between September 11 and 23, from 29 to 24.5 pounds. The 
dates include the harvesting periods of the two varieties. 


TABLE XIX. PRESSURE TESTS, APPLES 
Willamette Valley, 1920. 


Grimes Corvallis Orchard Company, 1920. 

IBV SS oy & A Seen HAHN A ree September 7 September 11 September 14 September 23 
PAW OLA LCDS ter cima ee aiistaaie sede oa 31.5 29 28 28 
Wagener Corvallis Orchard Company, 1920. 

ACR eRe ee tent e haga kos ihctentscn or sie oe Oe eiemearaaie September 11 September 14. September 23 
NAV CT EDOM Stabe Meter tots aless taihi vasbvanese! weet eheie eokoratace 29 26.5 24.5 


PRACTICAL APPLICATION 


Determination of Time of Harvesting of Bartletts. The question 
naturally arises as to the real practical value of the tests. The foregoing 
investigations with almost all commercial varieties of pears, but particularly 
with the Bartlett, show that the pressure test, because of its sensitivity and 
simplicity, may find the greatest practical application in determining the time 
of harvesting of a particular variety of fruit. As may be viewed from the 
records, the condition of maturity of Bartletts during the harvesting season 
may be expressed by a gradual lowering in resistance to this type of pressure 
of from 35 to 25 pounds, or possibly less, a change of approximately half a 
pound a day. To prevent shriveling and realize a better quality, no fruit, 
even for the most distant eastern markets, should be picked when registering 
much over 35 pounds. As the season progresses the resistance will naturally 
decrease until at the end of commercial shipping it will be, or should be, close 
to 25 pounds. This is well illustrated in Fig. 7, where data for 1918 and 1919 
are expressed in graphical form. The shipping periods coincided almost to 
a day during the two seasons, hence the pressure graphs for 1918 and 1919 
are plotted against the shipping curve of 1919 only. It will be noted that in 
1918 during the harvesting time, Bartletts registered 34.5 to 25.8 pounds, 
while in 1919, the range was from close to 36 to 26.5 pounds. Thus one sees at a 
glance that though the dates of the seasons practically coincide, the fruit 
was shipped greener in 1919 than in 1918; the season had been advanced about 
a week. The shaded portion of Fig. 7 indicates quite clearly this difference. 
It also points out a possible seasonal variation, or the latitude of range of the 


test. 


Bartlett pressure records for 1920 and 1921 (Tables VI and VII) show also 
that the shipping season extended from somewhere around 35 to close to 25 
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pounds. But because of the extent of the Willamette Valley and the com- 
paratively few scattered shipments of fresh fruit, it is somewhat difficult to 
obtain exact reliable information on the harvesting of Bartletts. The data 
are, however, so closely identical to those of the Rogue River Valley that they 
hardly solicit questioning. 

A word may be in place here regarding that part of the crop destined for the 
fruit-products plant. For the drying and canning trade it is entirely safe to 
keep Bartlett pears on trees till they register as close to 25 pounds as possible, 
and under certain circumstances, even less. It is the firm belief of many 
growers that the fruit is usually picked too green. But how green? How long 
can one safely permit fruit to hang on the trees? These questions can be 
answered only by a reliable test. So, too, after the pears have been picked 
and in the hands of the cannery man, it would be well if he also should follow 
carefully the changes in maturity of the fruit in storage. The pressure test, 
intelligently administered, would undoubtedly prevent the often-occurring 
losses of Bartletts in storage. There is no logical reason why it should not 
be just as easy to determine the exact stage when this variety should be 
canned or dried as when it should be harvested. 
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Fic.8. Graph showing approximate number of cars of Howell pears shipped from Medford, Oregon, 
in 1919, and records of pressure tests for that season. 


Determination of Time of Harvesting of Fall Pears. The pressure test 
is applicable to other varieties beside the Bartlett. Fig. 9 illustrates the con- 
dition of Bosc at the time of harvesting in 1918 and 1919. The pressure record 
curves are plotted against the shipping curves of the two seasons. It shows 
that this variety was picked when it registered 26 to 20 pounds or possibly 
less. In 1918, Bosc pears were harvested in a much greener condition than 
in 1919. These results show that this variety can be safely picked for the 
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Fic. 9. Graph showing approximate number of cars of Bosc pears shipped from Medford, Oregon, 
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in 1918 and 1919 and records of pressure tests for the two seasons. 
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most distant markets within the limits of resistance to this pressure of from 
24 to 20 pounds. Early picked lots of Bose are distinctly poorer in quality 
than those of a fair degree of maturity. 


Different pressure figures were obtained when Howells were tested (Fig. 8). 
This variety shows a change in maturity during the shipping season of 1919 
of 29.5 to 24 pounds, approaching in this respect much more the condition 
of the Bartlett. At the height of shipping, Howells registered 27 pounds. 
It is rather unfortunate that, because of financial limitations of the Station, 
the investigation could not be extended over a number of seasons so as to 
include all the leading fall pears. 


The Value of a Unit of Measurement of Maturity of the Pear. The 
value of such a unit of measurement as has been introduced by this test is 
self-evident. As the condition of the various shipments of fruit is more or 
less known at the eastern markets, both at time of arrival and during the 
short period of marketing, one can quite readily tell what may be expected 
in respect to keeping or eating quality of a shipment of Bartletts that registers, 
say 30 pounds on the average. Here then we have a tangible unit of measure- 
ment of the exact stage of maturity of the fruit at the time it was picked and 
shipped. Surprising as this may be, the test is as sensitive and reliable as any 
that has been used. Considering the very close, even daily, intervals at which 
it has been demonstrated to show differences in maturity and the convenience 
with which it may be handled, it is questioned if any of our present chemical 
methods of analysis would afford a more delicate means to determine such 
changes as may have taken place in a very short time in the fruit, and could 
at the same time be as convenient and practical as this test. 


It is to be understood, of course, that the unit of measurement, as expressed 
in pounds of pressure, is but comparative and directly dependent upon the 
volume of the hemisphere forming the tip of the plunger. (In the case of this 
apparatus it is one-half inch in diameter). So, too, seasonal variations in 
either direction are to be expected. Againit must be emphasized that economic 
factors will continue to determine to a large extent the time of shipping and 
marketing and therefore frequently work against any considerations resulting 
from such a test. 


Increase in Diameter and Weight, Bartletts. A point of particular 
interest to the growers is the question as to what percent of increase in tonnage 
may be expected when Bartletts, for instance, are kept a number of days 
longer on the trees than it is the common practice to do, the pressure test 
being used to determine the condition of the fruit. This information is of 
great economic value in instances where the crop is to be used for either drying 
or canning. Hence a study of the increase in size of Bartletts was conducted 
in 1918 and again in 1921. The resultant data show that this variety increases 
gradually in size, but at an accelerated rate, during the time of the development 
of the fruit. The transverse diameter was found to be a ready though not an 
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absolute index of the increments in size*. Because of technical difficulties, 
the proportional increase in weight was not determined in 1918. During the 
harvesting season in 1921, however, both the average diameter and weight 
of several lots of Bartletts were carefully recorded. It was found that an 


TABLE XX. INCREASE IN SIZE AND WEIGHT OF BARTLETT PEARS, 1921 


Average Average Percent increase : 
Number of diameter weight Ratio 
determinations (inches) . (ounces) : ; 
: Diameter Weight 
88 2.06 BBO) blac castes erp ne ee ort see oma Me aerate ie ae ae 
80 2.24 4.36 8.7 S201 deol, 
67 2.68 7.46 19.8 “ples! L340 


Aig 220 0.2 a 2.31 yy ff a ie |e en ean an Ld See ee a oP RO Pe RAL 2 5 


average increase in diameter from approximately 2 inches (2.06 inches) to 
214 inches (2.24 inches) resulted in an approximate increase in weight of close 
to 35 percent (32.1 percent). Again an increase in diameter of 214 inches (2.24 
inches) to 234 inches (2.68 inches) brought about an average increase in weight 
of approximately 75 percent (71.1 percent). The ratio of percent increase 
in weight to percent increase in diameter was found to be 1:3.7 and 1:3.6, 
respectively (Table XX). 

Measurements of increases in both diameter and weight of the same speci- 
mens were secured from Bartletts in 1921. Thus in nine days between August 
22 and August 31, at the time of picking, there was an increase of 7.8 percent 
in transverse diameter and 24.1 percent in weight, the ratio being 1:3.1. Here 
then we have a reliable approximation as to what increase in tonnage may be 
expected of Bartletts in a certain number of days at harvesting time. 


That a close correlation exists between increase in transverse diameter 
and increase in weight is to be expected. This is shown in Table XXI. 


TABLE XXT. COEFFICIENT OF CORRELATION* BETWEEN TRANSVERSE DIAMETER 
AND WEIGHT OF BARTLETT PEARS 


Oaco Orchard, 1921. 


BANOS D2 ack jams eanvays eect serious eee reaiars ae ee eee 0.935 =£0.006 
PNT aay Pea R Pee tt CMO COT OE ae oi woes 0.948-—0.006 
* 2ZDwDd 
Formula used: r==———— Where w represents weight in ounces and 
nowod d diameter in inchés 


0.6745 (1—1?) 
Vn 
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Additional data, taken from a number of lots of Bartletts showed that the 
ratio of percent increase in diameter to percent increase in weight was very 
close to 1:3.5. Using this factor as a basis, the percent increase in weight 
during seven-and fourteen-day intervals was calculated from diameter meas- 
urements of Bartletts taken in Rogue River Valley, 1918*. 


TABLE XXII. SEASONAL INCREASE IN TRANSVERSE DIAMETER AND CALCULATED 
PERCENT INCREASE IN WEIGHT OF BARTLETT PEARS co 


Bear Creek, Speck and Fiero Orchards, Rogue River Valley, 1918. 


Number Percent increase Percent increase 
of Average 7-day 14-day 
Date deter- | diameters] increments increments : 
minations] (inches) Diameter] Weight Diameter} Weight 
(x 3.5) x 3.5) 
July 20.. 246 1 89 
July 27. 245 2.02 : 6.8 23.8 
Aug. 2. . 244 ag 4 5.0 17.5 12.2 42.7 
Aug. 9 229 2.22 4.7 16.4 9.9 34.6 
Aug. 16 210 2.32 4.5 15.7 9.4 32.9 
Aug. 23 200 2.42 4.3 15.0 9.0 31.5 
Average Average 
(7 days)... Fea | 17.7 (14 days). 10.1 35.4 


A study of Table XXIT will make it clear that under average conditions 
an enlargement of 5.1 percent in transverse diameter corresponding to an 
increase of 17.7 percent in weight may be expected to accrue every seven days, 
while such average increase in a fourteen-day period would be 10.1 percent 
and 35.4 percent, respectively. These calculated figures agree very closely 
with the actual weighed increase of Bartletts in 1921 (Table XX). 


Some exceptions should be introduced here. Instances have come to 
observation where pears on trees growing in particularly dry locations will 
not have an even and uniform increase in size because of deviation from the 
normal form of the variety, due to an insufficient supply of moisture to the 
fruit. Such specimens show a proportionally larger accumulation of tissues 
around the calyx end of the fruit as compared with the stem end. So, too, 
due to frost injury, Bartletts in particular frequently attain a form known 

s ‘‘bullnecks,’”’? showing a more or less abortive condition around the seed 
cavities but an extreme development of parts in close proximity to the stem. 
Quite often such malformed specimens constitute an appreciable fraction of 
the total crop. Naturally, exceptions of this kind will more or less interfere 
with a definite calculation of the increase in weight of the fruit as measured 
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by enlargements of the transverse diameter. (See Oreg. Agric. Col. Exp. 
Sta. Bul. 162, pp. 16-17.)° 


It is apparent from. the foregoing: considerations that a very apprectable 
daily or weekly addition in weight may be expected during the harvesting 
time. But in order safely to realize the largest possible tonnage one must 
measure quite accurately and at rather close intervals the exact stage of 
maturity of the fruit. This is especially essential where Bartletts are kept 
late on the trees, as for the canning trade. Under such circumstances the 
pressure test may be used ‘as the most reliable guide in all harvesting and 
storage operations. ; 
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Vig. 1. The result of eating poison larkspur. 
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POISON LARKSPUR 


Delphinium trolliifolium Gray 


PLATE II 


LOW LARKSPUR 
(Delphinium menziesii D.C.) 


The Principal Stock-Poisoning Plants 
of Oregon 


By WILLIAM E. LAWRENCE 


The purpose of this bulletin is to put into convenient and readily 
accessible form the information. regarding poisonous plants that will 
be of most use to the Oregon farmer or stockman. The presentation is 
necessarily incomplete and many of the special cases known to the ranch- 
man could not be treated here. The idea underlying the choice of ma- 
terial has been to aid the owner in working out his problems of stock 
management. 


PLANT POISONING OF STOCK AND ITS PREVENTION 
EXTENT OF POISONING IN OREGON 


The annual toll of the poisonous plants in Oregon is surprisingly 
heavy, and with the increase in livestock values the seriousness of these 
plants becomes greater. On the open range the loss from poisonous 
plants is much greater than that from infectious and contagious dis- 
eases.” Losses from poisonous plants are also said to be much greater 
than those caused by predatory animals.” There are no accurate data 
which can be cited regarding actual annual total of losses. For the 
Western ranges it has been estimated by Marsh and others that larkspur 
frequently causes losses among individual herds of cattle up to 10 
percent, death camas or lupine 50 or 60 percent, and loco from 5 to 50 
percent. By far the greater number of losses are never reported. 

Every stockman should know the leading poisonous plants, finding 
out where they grow and why they cause poisoning, then so manage the 
stock that they do not have access to dangerous plants. This is the un- 
derlying principle of a rational policy in stock management to avoid 
losses from poisonous plants. Cures must not be relied upon. They 
are too uncertain even if poisoned animals are discovered before death. 
Fully half of the deaths due to poisonous plants occur before the suffering 
animals are discovered by their owners. How to know the plant, how to 
recognize the conditions of danger, and how to prevent losses are the 
questions which this bulletin attempts to answer in a brief way. 


CONDITIONS AFFECTING STOCK-POISONING 


The condition of the poisonous plant, the condition of the animal, 
the season of the year, and abundance of feed are the big factors in the 
stock-poisoning problem. These factors vary so much in different 
localities and from year to year that the farmer should regard his own 
problems as demanding his own personal study. Some of the most im- 
portant points to be kept in mind may be discussed here. 


The Plant. It is not enough to know that a certain plant contains a 
violent poison. One must also consider whether plants are likely to be 
eaten in the pasture or on the range, or at the season of the year when 
dangerous, and whether the poison is contained in the part of the plant 
usually eaten. For example, larkspur is most dangerous before blossom- 
ing time; the poison in the water-hemlock is mostly in the rootstock. 
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The Animal. Young animals are more susceptible to poisoning than 
old ones, and animals new to a locality are more likely to eat poisonous 
plants than those familiar with the region. Sheep are thought to be im- 
mune to larkspur poisoning. Cattle are probably just as susceptible to 
death-camas poisoning as sheep, but because of their larger body-weight 
the cattle rarely get a sufficient amount to cause poisoning. Hungry 
sheep or a band driven hurriedly through lupine are more likely to eat 
a large amount of this conspicuous plant than if they were well fed, or 
allowed to drift slowly through and select their feed more carefully. 

It has often been observed that when a large number of animals 
have been feeding under apparently the same conditions a few will 
escape poisoning. This may be due to the individual differences in ani- 
mals regarding their susceptibility. On the other hand the feeding habits 
of some animals, especially sheep, are erratic. Sheep are known to eat 
plants on some days which they would not touch on others. This also 
applies to poisonous plants. Thus, when a few animals have become 
poisoned while others were not harmed, it may be safe to assume that 
only the few ate of the poisonous weeds. 


Seasonal and Climatic Conditions. In the early spring larkspur and 
death camas are likely to cause more trouble than later because they often 
appear before good forage has had time to grow. Climatic conditions 
may cause one year an abundant fruitage of lupines and another year a 
sparse fruitage with corresponding effects on the amount of poisoning 
which occurs. In very dry years the good grass and other forage may 
become dried up while the lupines remain green and conspicuous, thus 
becoming a tempting morsel for stock. 


Scarcity of Food. If the close relation between a scarcity of food 
and livestock poisoning were fully realized many of the losses could be 
avoided. Many poisonous plants are unpalatable, and it is a well- 
recognized fact that stock poisoning is materially less where there is a 
variety of other forage along with the poisonous plants. This is true 
even in regard to the loco before stock have acquired the habit of eating 
it. If good feed could be supplied during the poor range or pasture 
season very few animals would acquire the loco habit.* 

The presence of good grass and forage in fields where poisonous 
plants are known to grow explains the absence of poisoning when it 
might otherwise be expected. It is known that larkspur, water-hemlock, 
wild cherry, and milkweed are all more likely to be eaten when there is 
little else to eat or where they form the conspicuous vegetation. 


PREVENTION OF POISONING 


Since scarcity of feed is by far the most important reason for the 
eating of poisonous plants by stock, every possible effort must be made 
to avoid the conditions which are likely to cause feed shortage such as 
over-grazing, over-stocking of the ranges, leaving stock on range after 
the good feed is eaten, using the same driveway or bedding-ground too 
often, or turning stock onto the range too early in the spring or when 
the snowfall has covered the grass. Special care must be observed dur- 
ing the dry seasons which yield a poor growth of forage. Cattle must 
be prevented from acquiring the common habit of feeding in certain sec- 
tions of the range and depleting the forage there in spite of the presence 
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of better pasturage on the same range at no great distance. The best 
rules to be observed in managing stock so as to minimize the danger of 
poisoning may be summarized as follows: 


(1) Use the range when plants are least poisonous. 


(2) Graze areas infested with poisonous plants with stock not 
affected by the plants. 


(3) Supply additional feed if range is short. Handle stock quiet- 
ly;* avoid excessive driving or rounding up with dogs. Avoid grazing 
in mass formation. 


(4) Use a new sheep bedding-ground each night. 

(5) Eliminate the fixed driveway, wherever practicable. 

(6) Be especially careful of young animals or animals new to 
an area. 

(7) Do not over-graze, either by over-stocking or by prolonged 
grazing. 

(8) Rotate the grazing areas in different seasons. 

(9) Inspect all your fields and pastures for the presence of poison- 
ous plants. 

(10) Eradicate poisonous plants or fence the areas. 

(11) Feed hay free from fern or horsetail rush. 

(12) Avoid use of hay from poison-sprayed cover crops. 

Further emphasis should be given to the following” desirable prac- 
tices. Many of the practices mentioned above have already been put into 
operation on the United States National Forests and have proved suc- 
cessful. They may also be practiced to advantage by the small farmer 
or rancher. 
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Use of the Range When Plants Are Least Poisonous. Reference to 
the accompanying poisonous plant chart will give the reader an idea of 
the season when each poisonous plant is most dangerous. The death 
camas dries up after blossoming and fruiting time, so that the danger 
period has passed by May or June. Low larkspurs are gone usually by 
July 1, but the tall larkspur may persist until late summer or fall. The 
lupines are most dangerous in late summer and fall when the pods are 
forming. No actual dates can be relied upon, however, because of the 
difference in climatic conditions from year to year. Local and altitudinal 
conditions also are so variable that an actual inspection of the range is 
the only safe guide. 


Rotation of Kinds of Stock. Areas infested with one kind of poison- 
ous plant need not be lost to pasture, because during the danger period 
stock that are not likely to become poisoned may be put upon the ranges. 

Larkspur-infested areas may be grazed by sheep or horses through 
the larkspur-poisoning season; cattle and horses may be safely put in 
fields where death camas or lupine grows. This method is easier and 
more practicable than an attempt to alter the range. The kinds of plants 
found growing upon a range are presumably well suited to it so that 
the task of eradication is often difficult. 


Using non-susceptible animals on an infested range tends to keep 
down the poisonous plants both because they may be eaten occasionally 
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and because they may be tramped down. On the other hand, stock that 
avoid the poisonous plants will favor an increase in their abundance. 


“Bedding Out” Method. If sheep are bedded on the same ground two 
or three nights in succession, all the good feed is eaten on the way to 
and from the bed ground and around it, while the dangerous plants re- 
main to entice the unwary animal. The use of a new bedding-ground 
each night has been found much safer. This is advocated by the Forest 
Service and is called the “open herding,” or “blanket herding,” or “bed- 
ding out” method. 


Driveways. What is. true regarding bedding systems may also be 
applied to driveways. Fixed driveways should be eliminated whenever 
practicable because the first bands eat the good feed, leaving only the 
poisonous plants, if any are present, for succeeding bands. Most of the 
losses from wild cherry are said to occur under these conditions.” (Page 18.) 
Sometimes the driveways become almost bare of vegetation so that sheep 
become hungry and are ready to snatch at the first green thing they 
meet instead of choosing their feed. Both sheep and cattle should be 
allowed to drift along over new driveways, so that ample opportunity 
may be had for selection of good feed. 


Common Use,” or Change in Class of Stock.” * The rotation of 
stock upon the range is not only of value in controlling the poisonous- 
plant problem, but it is also beneficial to the maintenance of the vegeta- 
tion and results in a higher carrying capacity. Sheep, for instance, do 
not care especially for the grasses, preferring to eat weeds and other 
browse which cattle are likely to pass by. One type of stock may in this ° 
way follow another on the same range to good advantage. This practice 
of rotation grazing, however, must not be followed blindly, but should 
be guided by a careful study of the range from year to year. 


Eradication of Poisonous Plants. If it does not prove practicable to 
handle the poisonous-plant problem in the ways suggested above, it 
may be found desirable to eradicate the plants. Eradication methods are 
discussed under the special treatment of each plant. 


DIAGNOSIS 


Diagnosis of the symptoms of poisoning is often rather uncertain. 
Ability to make a reliable diagnosis requires long experience and a thor- 
ough knowledge of the circumstances. For the more important poisonous 
plants an examination of the chart will give the best idea of the probable 
cause of poisoning in any particular case. 

If the trouble is with cattle, either larkspur or water-hemlock is 
very likely to be the cause. If sheep are dying, death camas or lupines 
will be the probable cause. In horses the symptoms of fern staggers 
or loco poisoning are so well marked that diagnosis is seldom difficult. 
If the cause of poisoning is unknown to you, it is well to call a vet- 
erinarian in consultation. 


REMEDIES 


Remedies for livestock poisoning are often of rather uncertain bene- 
fit, and unless the proper methods are used more harm than good may 
be done. The best thing for stock poisoned on larkspur or death camas 
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is to keep them quiet. The excitement caused by giving medicines is 
often sufficient to cause death from poisoning before the remedy can 
take effect. Unless you are very sure of your diagnosis and remedy, it 
is always best to summon a veterinarian. A _ brief summary of the 
symptoms and known remedies will be found in the chart and also under 
the special discussion regarding each plant. 


THE PRINCIPAL POISONOUS PLANTS 
POISON LARKSPUR 


Delphinium menziesii D. C. 
Delphinium trolliifolium Gray 
Delphinium bicolor Nutt. 
Delphiniwn glaucum Wats. 
Delphinium scopulorum Gray 
Delphinium simplex Doug. 
Other species of minor importance 


It is dangerous to allow cattle to graze in a field or on a range 
where larkspurs are common in the spring of the year. Larkspurs are 
so definitely associated with cattle poisoning and the plants so easily 
recognized when they flower that every cattleman should become ac- 
quainted with them and with the conditions associated with larkspur 
poisoning. 


Common Name. The common name, larkspur, is so generally known 
that few other common names are applied to the plant. It is, however, 
occasionally referred to as “poison,” “poison weed,” and “cow poison.” 


Kinds of Larkspur. Several species of larkspur are found in the 
State. Those responsible for most of the cattle poisoning are listed 
above. There are two main classes of larkspurs: tall larkspurs and 
low larkspurs. The poison larkspur (Delphinium trolliifolium Gray) 
which is responsible for most of the losses in Western Oregon is a tall 
larkspur, while the low larkspur responsible for most of the cattle 
poisoning in the eastern part of the State is Delphinium menziesii D. C. 
Both tall and low larkspurs are found in all sections of Oregon. As will 
be pointed out later, this is a convenient method of distinguishing be- 
tween the different kinds of larkspur when the question of control is to 
be considered. 


Animals Affected. Most larkspur poisoning occurs among cattle. 
Horses, although susceptible, are seldom poisoned under range conditions. 
Sheep are scarcely if at all susceptible, and they may eat from two to 
five times as much as cattle without any harmful results. In fact, it 
is recommended that sheep be first grazed upon larkspur areas in order 
that the areas may become safe for cattle. 


Extent and Conditions of Poisoning. It has been estimated that 
from three to seven percent of poisoning of cattle in the United States 
is due to the larkspur, which is greater than that due to any other 
plant except loco. Because of the common occurrence of larkspur in the 
cattle sections of Oregon, a higher percentage of losses in this State 
are due to larkspur than to other poisonous plants. As cattle are not 
usually herded the extent of losses is not exactly known, but the aggre- 
gate of one-by-one losses in many herds is very heavy. 
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Larkspur poisoning is not equally troublesome in all localities where 
the plant occurs. The danger is worse where good feed is scarce and 
where because of natural conditions the larkspur forms a very con- 
spicuous part of the vegetation. Where there is plenty of good feed 
the stock will rarely touch the poisonous plant except when abnormally 
hungry. 

When cattle are driven over larkspur areas some of the herd may 
become poisoned while others may not. One reason for this lies in the 
condition of the individual animal, which is a most important factor 
in stock poisoning. Some animals are rather resistant to the effects 
of poison, while others may be in a highly susceptible condition. When 
hungry the cattle are less careful in the selection of food than when well 
fed and are likely to eat of the larkspur when they would ordinarily 
leave it alone. Stock should, therefore, never be driven over larkspur 
areas when hungry, although when not excessively hungry, as for ex- 
ample in the afternoon, they may be admitted with reasonable safety 
to fields where the larkspur is growing in not too great abundance. 


Poisonous Parts of Plant and Quantity Required to Produce Poison- 
ing. The amount of larkspur necessary to cause death varies. Experi- 
ments by the United States Department of Agriculture” show that pois- 
oning may occur when as little as 80 pounds per 1000 pounds weight of 
animal is eaten. Or, in other cases, it may require as much as 84 to 
280 pounds per 1000 pounds weight. It is dangerous for the animal to 
eat more than 3 percent of the total body weight in one day, although 
from three to four times this much may be eaten if the feeding period 
is prolonged. 

Although it is a common belief among stockmen that the roots are 
the poisonous parts and that poisoning is more likely to occur after a 
rain because it may be possible to pull the roots from the ground at 
that time; yet feeding experiments” thus far have failed to substantiate 
the belief that the roots are violently toxic, while they have shown that 
the parts above ground, especially the leaf, are responsible for stock 
poisoning. The stem is very brittle, and although it is possible for some 
larkspurs to be pulled up by the root, it is improbable that cattle will 
get any considerable number of the roots to cause poisoning.” The seeds 
are known to contain more of the poison than other parts of the plant. 
The seeds, however, are less likely to be eaten in the field and are prob- 
ably not so important as the foliage. 


When is Larkspur Poisonous? The low larkspurs are poisonous 
throughout their life, but since the leaves die down soon after the blos- 
soming period the plants seldom cause poisoning because the cattle do 
not touch them after this time. Although the tall larkspurs are most 
poisonous when young, and become less poisonous as the season pro- 
gresses they are still dangerous during and after blossoming time. Both 
tall and low larkspurs are, however, to be regarded as dangerous until 
after blossoming time. They are less dangerous after blooming and it 


is usually safe to turn cattle on the larkspur-infested areas after the 
plants have bloomed. 


Where Do the Larkspurs Grow? The low larkspur is found usually 
on the open hillside ranges and pastures in both Eastern and Western 
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Oregon at both low and high elevations. The plants grow scatteringly, 
which very much lessens the danger of poisoning from the low species. 

The tall species of larkspur more often grow under the shade, or 
partial shade, in the damper situations, in the more timbered areas of 
the State, or along the streams. They are common in the gulches and 
mountain valleys and on the bottom lands in all parts of the State. In 
favorable spots the tall larkspurs are apt to grow thickly, and cattle 
feeding in such areas are much more likely to become poisoned than 
where the growth is sparse. 


How Can the Larkspur Be Recognized? Larkspurs usually have 
violet blue or purple flowers, sometimes creamy white. Each flower pro- 
duces a long spur, like a cock’s spur, of: which the name is a reminder. 
(Plate IL.) The seed pods occur three in a place. They are like those 
of a columbine, but fewer. The leaves of the tall larkspur in their 
early stages may be confused with those of the harmless wild geranium 
which often grows in similar situations, but the flowers are entirely 
different. 

Veterinarians and others familiar with the microscopic structure of 
the stem of larkspurs may upon careful examination determine the 
presence or absence of larkspur stems in the contents of the stomach. 


Preventive Measures. Efficient protection against losses from the 
larkspur depends upon the ability of the stockman to recognize the 
larkspur and to locate the infested areas. Cattle must be kept 
away from such dangerous places, especially when first turned onto 
the range after a winter on dry feed or when in poor condition. 
This may be done by herding away from infested areas—“riding for 
poison”—as is done in some parts of Oregon. After the first of July, 
however, larkspur-infested areas are usually safe for cattle, except in 
the high mountain ranges. 

It has sometimes been found practicable in the more densely infested 
areas in Oregon to eradicate the tall larkspur by grubbing. The saving 
from the prevention of cattle losses in one season will often more than 
pay for the cost of digging out the larkspur, and if this is carefully 
done the first year the cost for succeeding years will be much less. 
Digging up low larkspurs is not ordinarily practicable because of their 
usually scattered distribution. 

Salt zhould be placed on ground free from and remote from lark- 
spurs, and the salting ground changed occasionally so that the range 
may not become overgrazed. 


Directions for Digging Tall Larkspur. The roots should be dug out 
six to eight inches below the surface of the ground as soon as the plants 
have made sufficient growth to be readily recognized. Roots dug out 
should be shaken free of soil and piled in the sun; after they have dried 
sufficiently they should be burned.* Piling them in a heap increases the 
cost and haz been found to be unsatisfactory, unless they are finally 
destroyed. 


Grazing Off Larkspur with Sheep. It is well known that areas af- 
fected with larkspur can be safely grazed off by sheep before cattle are 


*Unpublished data supplied by Director James T. Jardine. 
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turned onto the field. Sheep should be closely herded, the herder making 
certain that all the larkspur is eaten or tramped to the ground. Other- 
wise, the sheep may pass by the larkspur and feed upon the valuable 
forage only; the larkspur thus left exposed more conspicuously than 
before would result in greater subsequent cattle losses than if no sheep 
had been turned upon the range. Of all the methods of preventing lark- 
spur poisoning, fencing is perhaps the least desirable because of the 
cost of fencing, the expense of maintaining the fences, and the resulting 
loss of forage. Under certain circumstances, however, this method has 
its use. In the long rin‘ the most satisfactory method with the tall 
larkspur, as shown by thé investigations of the United States Forest 
Service, is that of eradication by digging, for when the plants have been 
grubbed out of the spots where they grow abundantly there is very little 
danger from the sparsely scattered plants on-the rest of the range. 


Symptoms of Poisoning. Doctors C. Dwight Marsh, A. B. Clawson, 
and Hadleigh Marsh of the United States Department of Agriculture 
give the symptoms and remedy as follows: 

“Repeated falling, accompanied with much weakness, the animal 
unable to rise, staggering when up, spasmodic movements when down, 
constipation, nausea, resulting in vomiting and death from respira- 
tory paralysis.” 


Remedy. Doctors Marsh, Clawson, and Marsh” further state: 

“Cattle poisoned by larkspur should be kept as quiet as possible 
and turned with heads uphill; they should be paunched if bloating occurs; 
should not be bled; and in most cases may be saved by a subcutaneous 
injection of 20 cubic centimeters (6 drams) of eserine. 


“Physostigmin salicylate... 1 grain 
Pilocarpin hydrochlorid............ 2 grains 
Strychnine sulphate.............. % grain” 


DEATH CAMAS 


Zygadenus venenosus Wats. 
Zygadenus paniculatus Wats. 
Other species of minor importance 


The death camas is perhaps not so well known as a poisonous plant 
as any other of the six important poisonous plants of the State. Prac- 


tically all losses of sheep due to the death camas could be avoided if the 
poisonous nature of this plant was more generally recognized. 


Common Name. This plant is perhaps best known as death camas. 
There are about ten common names applied to it in different sections of 
the country, of which “lobelia,” poison camas, alkali grass, poison grass, 
wild onion, and poison sego may be mentioned. Although known so 
commonly in the Northwest as “lobelia,” it is not a true lobelia. It 
has also been called “hog potato” because hogs are said to thrive upon it. 


Kinds of Death Camas. There are two species of death camas found 
commonly in Oregon. The meadow death camas, Zygadenus venenosus, 
is widely distributed, being found in both the eastern and western sec- 
tions. The foot-hill death camas, Zygadenus paniculatus, is a larger and 
more branched form. It is found chiefly in the sage-brush region. 


Death Camas. (Zygadenus venosus Wats.) showing the flower clusters 
in the sprir 


Fig. 3. Death Camas. (a) Fruits. (b) Bulb, leaves, and portion of the stem. 
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Animals Affected. Although horses and cattle may occasionally 
become poisoned by eating the death camas, by far the greater number 
of losses occur among sheep. Horses are sometimes made sick but are 
apt to recover soon. Death-camas poisoning in cattle is not common, al- 
though deaths have been reported. The bulb of this plant is poisonous 
to man. Children sometimes dig up the bulbs mistaking it for the edible 
eee The method of distinguishing these two plants will be given 
below. 


The Extent of Poisoning. The heavy losses among sheep are due to 
the method of herding and to the fact that it takes but little of the 
plant to poison sheep because of their small size. If death camas is 
present sheep are apt to eat more of it when they are kept close together 
than when allowed to scatter out. Few sheep herders are acquainted 
_ with the plant or its poisonous qualities. Deaths among sheep fre- 
quently ascribed to other plants, such as the lupine, are often due to the 
death camas. Losses from death camas sometimes run up to 21 percent 
in a band. 


The Poisonous Parts of the Plant and Quantity Required to Produce 
Poisoning. Experimental tests show that the parts of the death camas 
are poisonous in the following order beginning with the most toxic: 
seeds, mature pods, flowers, leaves, bulbs, roots, young pods. The 
United States Department of Agriculture” has demonstrated that the 
flowers, leaves, and bulbs are dangerous to sheep when one-half pound 
per hundred-weight has been eaten within a short space of time. 
Smaller doses on the range may prove fatal.’ The seeds are about four 
times more poisonous than any other part of the plant; however, under 
range conditions the seeds and bulbs are of little importance.’ Lambs 
are probably more susceptible to the poisoning than old sheep. Recent 
experiments’ indicate that lambs are not poisoned from the ewe’s milk. 
Cattle and horses are probably as susceptible to the poison as sheep, 
but they almost never get enough of the plant to cause trouble. Hogs 


are not affected. 


When is Death Camas Poisonous? The plant is poisonous through- 
out its entire life and the bulbs are poisonous in all seasons of the year, 
but from the standpoint of stock poisoning the danger period comes in 
the spring before the tops dry up. This is largely due to the scarcity of 
food early in the season. Most of the losses occur in May and June. 


Where Does Death Camas Grow? Death camas requires a moist but 
not a wet or marshy place to grow. Wherever moist conditions occur in 
the early part of the year one may expect to find death camas growing 
whether in the mountains or in the lowlands. It is usually found in the 
open or partly sunny meadows, on moist hillsides, or on the lowlands of 
both Eastern and Western Oregon. The larger species, the foot-hill 
death camas, mentioned in a preceding paragraph is found in the sage- 
brush or juniper sage-brush desert. Sheep losses due to these plants 
have been reported from Western Oregon, the Blue Mountain section, and 
the mountains in the southern part of the State. 


How Can Death Camas be Recognized? Death camas can be easily 
recognized in the latter part of the spring when the plant is in flower. 
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At this time dense heads of small greenish-yellow or whitish-colored 
flowers are sent up on a shoot from six to twenty-four inches high. 
Plants having this description should be examined further to see if they 
possess grass-like leaves that come from an onion-like bulb beneath the 
ground. The leaf of the death camas, however, does not have a sheath- 
like part surrounding a jointed stem as in the grasses. The bulb of death 
camas is small, resembling an onion or the edible camas; however, it 
does not have an onion-like odor. If this bulb is dug out of the ground 
carefully, it will be observed that the outer layers of the bulb are brown- 
ish or black in color. Areas infested with death camas may be easily 
recognized during the flowering season. 


The bulbs of the death camas and the edible camas are easily mis- 
taken, and results disastrous to human life sometimes occur because of 
the confusion. The flower of the edible camas is rich blue, and much 
larger than that of the death camas. The leaves are also longer, wider, 
and a deeper green than the leaves of the poisonous plant. 


Preventive Measures. The most important thing is to keep sheep 
away from death camas. This can not be done unless it is possible for 
the sheep owner or herder to recognize the plant. This is easiest at the 
time the plant is in flower, but with practice the plant may be recognized 
either before or after blossoming time. It should be remembered that 
it is just as poisonous at one season of the year as another. After the 
plant has been recognized and the patches located care should be taken 
to keep sheep away. 


Sheep should be fed well before going upon a drive through infested 
regions, because hungry sheep are apt to eat with less care and may 
consume large quantities of the death camas in a comparatively short 
time. Sheep should be salted daily to prevent the development of a 
depraved appetite that would result in their eating poisonous plants. 


The bitter substance contained within the death camas is very dis- 
tasteful to both sheep and cattle. It is only when cattle are thin and 
hungry that they will bite off the death camas, and apparently only 
when they are driven hard will death result. 


Sheep when grazing quietly will avoid the death camas, but will 
eat anything when being trailed or hurried from one place to another. 


In the spring before blossoming time the plant is especially danger- 
ous, not because it is any more poisonous but because conditions of 
other forage are apt to be less favorable and the sheep are tempted to 
eat more of the death camas than later on. 


Symptoms of Poisoning. “The symptoms are usually frothing at the 
mouth accompanied by vomiting and trembling. There are sometimes 
spasmodic struggles for breath, the animals manifesting great weakness. 
They sometimes lie two or three days before death. Death comes from 
respiratory paralysis.” 


Remedy. “Animals poisoned with the death camas should be kept 
quiet, and they may recover. There is no satisfactory medical remedy.” 
(Marsh, Clawson, and Marsh.)” 


i) 
WATER-HEMLOCK 


Cicuta vagans Greene 

Cicuta occidentalis Greene 

Cicuta douglasii (D. C.) C. & R. 
: The Oregon water-hemlock is the most violently poisonous plant with- 
in the State, although it is not the most important from an economic 
standpoint. All stockmen who pasture livestock on swampy lands or 
along swampy streams and ditches should become acquainted with the 
water-hemlock and its poisonous nature. 


Common Name. There are four different kinds of water-hemlock 
within the State; namely, the Oregon water-hemlock, Douglas water- 
hemlock, Western water-hemlock, and: bulbous water-hemlock. Since 
more than one of these water-hemlocks seldom occur in the same locality, 
they may all be referred to as water-hemlock, or cicuta. They are often 
erroneously called parsnips or wild parsnips. There are other plants 
called wild parsnips. Other common names applied to the water-hemlock 
are “poison parsnip,” “cowbane,” “water parsnips,’’ “death-of-man,” 
“children’s bane.” 


Animals Affected. The rootstock of this plant is poisonous to all ani- 
mals including man. Most of the livestock losses occur among cattle, al- 
though instances of horse and sheep poisoning are known. Little is known 
regarding the effect on goats of eating hemlock, but it has been stated 
that swine are not poisoned by it. Cases of poisoning in man, and par- 
ticularly in children, have been known in former times, but this plant is 
becoming so well known as a poisonous weed that it is carefully avoided 
and nowadays few, if any, cases are reported. 


Extent of Poisoning. Livestock losses due to the water-hemlock 
were more prevalent in earlier days than at present, although frequent 
losses are reported here and there over the State. An estimate in 1903 
placed the animal losses from the water-hemlock at 100 cattle in Oregon. 
In 1919 one stock company alone lost as many as 100 cattle. The losses 
continue year after year, but may be reduced if the necessary precautions 
are taken to prevent poisoning. The losses are reported in all sections 
of the State. Individual owners sometimes lose heavily, but the total 
number of deaths do not compare with the losses due to larkspur. 


The Quantity Required to Poison and the Parts of the Plant that are 
Poisonous. The small number of losses due to this plant is no doubt 
due to the fact that the rootstocks are the most poisonous parts. In the 
summer or autumn the tops may be eaten by livestock in the fields or in 
the hay with little danger of harmful effects. On the other hand, the 
first leaves and stems that appear in the spring are almost as danger- 
ous as the rootstocks.* At any time of the year it requires only a very 
small quantity of the rootstock to produce poisoning sufficient to cause 
death. The poisonous substance exudes in small yellow droplets from the 
cut surface of the rootstock. 

Experiments conducted at the Oregon Agricultural College Experi- 
ment Station (1897) showed that a portion of the rootstock about the 
size of a walnut was sufficient to kill a cow. The plant used was the 
Oregon water-hemlock. Recent experiments in Nevada* on the Western 
water-hemlock show that a somewhat larger amount is necessary. Both 


Fig. 4. Water-hemlock (Cicuta vagans Greene). (a) Plant in flower and fruit. 
(b) Showing off-shoots separated from the parent plant, which is in flower. 
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Fig. 5. Underground portion of the stem, the most poisonous part of water-hem- 
lock. Upper view shows the characteristic partitions. 
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of these tests indicate the violent nature of the chemical substance found 
in the rootstocks. 


When is Water-hemlock Poisonous? The rootstocks of the water- 
hemlock are almost equally poisonous in all seasons of the year, except 
perhaps during the growing season when the amount of poison contained 
within the rootstocks may be somewhat reduced. The early spring 
when the young shoots are still poisonous, is the most dangerous time.* 


Water-hemlock Grows in Swamps. All four kinds of water-hemlock 
mentioned above grow in swampy places. In general the Oregon water- 
hemlock is common in the swamps of Southern and Eastern Oregon and 
in marshy places along the seashore. The Western water-hemlock is 
found in the Blue Mountain region and the Douglas water-hemlock in 
Western Oregon. The Oregon water-hemlock is also found in Western 
Oregon but not developed to as great an extent as in the swamps in 
the eastern part of the State. The water-hemlock occasionally grows 
along irrigating ditches and open drainage ditches. 


How Can the Water-hemlock be Recognized? The water-hemlock 
or cowbane belongs to the parsnip family, producing a parsnip-like 
cluster of flowers and fruits. The stem is jointed, smooth, and hollow. It 
stands erect and bears rather large leaves, two to three times divided, 
on stems from three to six feet high. The different kinds of water- 
hemlock may be known by their different rootstocks (really shortened and 
thickened stems). Note the shape of the rootstocks and the size of cham- 
bers and partitions in Fig. 5. The water-hemlock may be distinguished 
from the wild parsnip by the smaller and narrower leaf of the water- 
hemlock. The flower cluster is much larger and more conspicuous. 

Other members of the parsnip family appear to cause livestock 
poisoning, but the exact nature of their poisonous characteristics is not 
well known. All cases of poisoning which come to the attention of 
stockmen should be referred to the Oregon Agricultural College Experi- 
ment Station, together with a specimen of the plant supposed to cause 
injury. 

Preventive Measures. The safest policy is to dig out the water- 
hemlock by the roots or to fence the affected areas. If fencing shuts off 
a certain amount of good feed, however, there is always a danger of 
stock breaking through the fence. It is found to be a paying proposition 
in Klamath county, where the water-hemlock grows to an abundant 
extent, to dig out the rootstocks every year. Digging out the rootstocks 
should be done carefully. It is not necessary to remove the whole root 
system but to cut off and remove the thickened rootstock. It is usually 
customary to carry the rootstocks off the field and pile them in a heap. 
The rootstocks should not be left on the field because they are poisonous 
and may take root again if conditions are right. A pile of rootstocks 
should be carefully guarded or fenced because the dry rootstocks are 
known to cause poisoning after from one to three years. The best plan 
is to burn the rootstocks in a hole and then fill up the hole. 


Symptoms of Poisoning. “The symptoms of poisoning of water- 
hemlock are very definite and may be characterized as excessive frothing 
at the mouth, a gnashing of the teeth, pain, nausea, violent convulsions, 
and finally death.’ 


Zo 


Remedy. “There is no satisfactory remedy for domestic animals. 
For man, an emetic is given.”™ 


LUPINES 


Lupinus macrostachys Rydb. 
Other species of minor importance. 

When sheep die of lupine poisoning, death follows a very brief 
sickness. It is therefore doubly important that sheepmen become ac- 
quainted with the poisonous nature of the lupines and the conditions 
leading up to the poisoning. 


Common Name. Although there are many different kinds of lupines 
within the State, they are all known by the one name. A few of the 
more conspicuous lupines are sometimes called sun-dial, old maid’s bon- 
net, quaker’s bonnet, Indian bean, wild bean, blue pea, blue bean. It is 
incorrect to refer to them as loco because this name is applied to an 
altogether different poisonous plant. Some lupines are valuable as 
forage and hay, if caution is observed in avoiding poisoning. 


Animals Affected. Most losses from lupines occur among sheep, 
but horses, cattle, goats and swine may become poisoned. Experimental 
tests seem to indicate that almost all animals will be poisoned if they 
secure a sufficient amount of the poisonous part. But from a practical 
standpoint the poisonous character of lupines should be considered of 
real importance only in sheep ranching. 


The Extent of Poisoning. The conditions underlying the poisoning 
of sheep from lupines seem to be various. Poisoning is rather spasmodic 
and not confined to any one time of the year or locality. Losses among 
sheep are very general, losses of several hundred being not at all un- 
common and occasionally amounting to 50 percent of the band. Lupine 
is probably next to death camas in responsibility for sheep losses. 


Quantity Required to Poison, and the Parts of the Plant Which 
are Poisonous. Experiments conducted by the United States Department 
of Agriculture,” seem to indicate that the parts of the plant are poison- 
ous in the following order: seeds, requiring about one-half pound to 
cause poisoning; fruits, containing seeds, one and one-half pounds; pods 
alone, three and four-tenths pounds; leaves, probably poisonous, but the 
conditions and amount necessary to cause poisoning are not clearly un- 
derstood. The green fruits of the silvery lupine (Lupinus argenteus 
Pursh) were found to contain the most poison, with slightly smaller 
amounts found in the ripe and green seeds.’ 


When are Lupines Poisonous? It will appear from the preceding 
paragraph that lupines may cause poisoning any time after the appear- 
ance of green pods.’ 


Conditions on the Range Under Which Poisoning May Occur. Sheep 
kept well fed on range that contains plenty of good pasture are not 
likely to eat a sufficient quantity of lupines, even though present, to 
cause poisoning. If it is necessary to drive sheep over an area containing 
lupines, it is desirable to allow them to drift slowly, giving them ample 
time to pick out the good forage from among the lupines. If sheep are 
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Fig. 6. Lupine (Lupinus macrostachys Rydb.)—a vigorous plant in the field. 
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Fig. 7. Lupine (Lupinus macrostachys Rydb.), showing flowers and fruit. 
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hurried over the area they will in their eagerness for food snatch off the 
pods of lupines or the leaves, and eat a much larger amount of the 
poisonous plants than they would otherwise. Sheep that have become 
hungry on account of a lack of sufficient food during shipment or because 
of being hurried over long drives are more likely to eat the lupines and 
become poisoned than if they had been well fed. Sheep new to any 
locality are also more inclined to eat the poisonous plants. In the fall 
when the sheep are coming from the summer range, snowfalls may occur 
covering up the good grass and forage, thus exposing the taller lupines 
to the passing sheep. Under these conditions lupines would be eaten, 
whereas if plenty of good feed had been available these sheep would 
avoid all poisonous plants. 


Where Do Lupines Grow? There are many kinds of lupines, and 
they are found in all parts of the State and under all possible cireum- 
stances, from moist to very dry and even desert conditions. It is known 
that some lupines are harmless while others are poisonous. But since it 
is difficult for the average person to distinguish the different kinds all 
should be looked on with suspicion when in pod. Some of the larger and 
definitely known poisonous lupines grow on plains. They usually grow 
in the deeper soil on the lower southern slopes or on the north-facing 
slope, where there is more moisture. They frequently occur under the 
shade of a forest and in all cases become luxuriant only when a sufficient 
amount of moisture is obtainable either by protection from forest shade 
or on deep soil. 


How Can Lupines be Recognized? There is no poisonous plant which 
ean be recognized with greater ease than the lupine. The form of the 
leaf is a reliable indication, and reference to the accompanying photo- 
graph will show that the divisions of the leaf all radiate from a common 
center, this fact suggesting the common name, sun-dial, which is applied 
to some lupines. The flower and pod are similar to those of the pea. 


Preventive Measures. The conditions favoring poisoning have been 
pointed out, and it is obvious that if these are avoided much of the 
difficulty may be overcome. Proper management of sheep bands will be 
sufficient to avoid poisoning from lupines, which are too general in their 
distribution and too often associated with valuable forage to permit 
either eradication or the avoidance of most lupine areas. It is cheaper 
to buy hay and feed sheep, when being shipped from one point to 
another, than to risk losses from lupines following a period of hunger. 
Areas where poisonous lupines grow very abundantly should be avoided. 
One should learn to recognize the lupines and be especially cautious 
after snowfall or while driving through pastures of lupines. It should 
always be remembered that the pods and seeds are more poisonous than 


the rest of the plants and that more fruit is produced in wet seasons 
than in dry. 


Symptoms of Poisoning. It is very important to remember in con- 
nection with the lupines that there are no preliminary symptoms of 
poisoning until the poisonous limit is reached. The amount necessary to 
cause the first symptoms of poisoning is so close to the amount which 
will cause death that it is difficult to find any symptoms that may be of 
value in applying remedies. This is due to the fact that the poisonous 
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principle is excreted by the kidneys and that the effects of the toxic 
substances are not accumulated in the body. Animals may eat an amount 
just under the toxic limit one day and repeat the performance the next 
without any harmful results. If the amount of lupines eaten passes 
bevond the toxic limit, however, death is most likely to occur. This con- 
stitutes the reason for so large a percentage of deaths within the band. 
When any symptoms are manifest before death, they are nervousness, 
weakness, partial paralysis, sleepiness, convulsions, and finally death.” 


Remedy. Recommendations based upon the work of the United 
States Department of Agriculture” are as follows: Exercise care in 
handling the flock, it being all important to avoid poisoning, because 
there is no satisfactory remedy that can be applied upon the range. 


LOCO 


Astragalus lentiginosus Dougl. 


Loco poisoning is a problem of the dry country where juniper or 
sage-brush abounds. Many locos about which little is known also grow 
on the bunch-grass prairie and in the mountains. 


Common Names. Many plants have been wrongly called loco weeds, 
and there are also many different kinds of true locos. The only names 
applied are loco weed or rattle weed. The purple loco or woolly loco and 
the white loco or rattle weed of the Rocky Mountains and Plains sections 
of the United States are not found in Oregon. 


Animals Affected. Horses, cattle, and sheep are known to have been 
poisoned by the loco plants in other states, but so far as Oregon is con- 
cerned no records are at hand except of loco poisoning among horses. 
It is not at all improbable, however, that cattle or sheep may also have 
been poisoned on loco in this State. Further evidence on this point is 
needed and will be greatly appreciated if sent to the Oregon Agricultural 
College Experiment Station. 


Extent of Poisoning. Loco poisoning occurs from Central Oregon 
eastward throughout the desert and semi-desert sections. The number 
of animals poisoned varies in different years, depending upon the abund- 
ance of loco plants. On the other hand, the prevalence of loco will not 
accurately indicate the amount of poisoning, because animals after they 
have once acquired the taste for the loco develop the habit of eating it 
in preference to other plants even when not particularly abundant. 


Quantity Required to Poison and Conditions Affecting Poisoning. 
Like other poisonous plants locos are not at first eaten in preference to 
other vegetation. Some of them in fact are quite distasteful or un- 
palatable. When other good feed is scarce, as often happens on the 
juniper sage-brush ranges, stock are forced to eat every bit of green 
material they can find. When the loco is about the only green plant at 
certain seasons of the year it is not to be wondered at that horses in 
these sections acquire a taste for it. Loco is a slow-acting poison, the 
symptoms not appearing in horses until after they have acquired the 
habit of eating the plant. This condition makes it necessary to employ 
a method of stock management that will prevent an acquisition of this 
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(a) A loco plant in the field. 
showing the inflated pods. 


’ 


Loco (Astragalus lentiginosus Doug.) 
(b) Entire plant 
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habit, as it is almost impossible to break stock of eating locos or cure 
them of the disease after the habit has once been acquired. 


When is Loco Poisonous? It is thought by some that the loco in 
Oregon is poisonous throughout the entire year, while others believe it 
to be harmful only between August and spring. The latter belief is 
probably based upon the fact that most of the losses occur from August 
to the latter part of winter or early spring. Horses will eat loco either 
green or dry, and it is probable that they acquire the habit of eating it 
while it is green and continue during the dry season when there is very 
little else to eat, until they have accumulated a sufficient amount of the 
poison to produce loco symptoms and finally death. 


Identification. All of the loco weeds belong to the pea or bean family, 
and although the flowers are similar this similarity may not be easily 
recognized without careful examination. The loco weeds in Oregon have 
small white or cream colored or yellowish flowers in long clusters or 
spikes which in a few kinds finally produce rather large and inflated 
pods, in which the seeds very easily become loose when the pods become 
dry. The seeds rattle as the wind shakes the pods or as they are shaken 
by animals in passing. This gives rise to the common name, rattle weed. 
Not all loco weeds, however, have large inflated pods. The plants are 
low, spreading, having a cluster of finely divided leaves, usually coming 
from near the ground or along short stems. The small divisions of the 
leaves are borne along the side of a central leaf stalk as in a vetch plant. 
Just how many of the numerous loco weeds found within this State are 
poisonous, is not known. 


Distribution and Habitat in Oregon. As has been previously stated 
there are many kinds of locos, which, all taken together, are found grow- 
ing throughout the section east of the Cascade Mountains. They are 
also found in southwestern Oregon. As far as definitely known, however, 
the losses from locos have been rather localized in Eastern Oregon 
throughout the semi-desert and desert sections. The loco is usually 
associated with sage-brush. It is found more commonly in the deeper 
soil of the bottom lands and draws. 


Preventive Measures. If horses were kept off the infested areas it 
would effectively prevent loco poisoning. Feeding alfalfa or other good 
hay during the dangerous season would do much to prevent the trouble. 
Yet these measures are not always practicable; there are certain sections 
where loco range land is the only land available for pasture. The pasture 
ranges in certain sections are very large, and the eradication of the 
loco plants from such areas is impracticable. Eradication, however, can 
be practiced with good results on smaller pastures. It has been shown 
that for the Rocky Mountains and Great Plains, it is not necessary to 
dig out loco weeds in order to kill them. If the locos are cut off two or 
three inches below the ground there is no danger that they will start up 
from the roots. This should be done when the plants are in flower, or 
before the seeds are formed. One man with a good sharp shovel can 
cut off the loco plants over a large area in two or three days. While tasks 
of this sort seem large, the financial outlay will prove to be a saving 
when the cost is compared with the loss that would otherwise be sustained. 
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It should also be kept in mind that the locos are propagated by 
seed, and that the seeds do not all germinate the same season of the year 
nor the same year, so that it is necessary to go over the field two or three 
times in one year and to repeat the process during the succeeding years 
until the plants are entirely eradicated or reduced to a point below the 
danger mark. Such a policy is practicable for each rancher independent 
of the attitude taken by his neighbors, because the seeds of the loco are 
not scattered by the wind. Through diligent and watchful effort, any 
rancher may have a loco-free pasture for his horses although loco may 
be growing all around him. 

All animals that have acquired the habit of eating loco weed should 
be removed from the pasture if possible, in order that other stock, 
especially young animals, will not acquire the same habit through 
imitation. 


Symptoms of Poisoning. “Symptoms are more pronounced among 
horses and cattle than among sheep. The general symptoms are erratic 
movement, constipation, progressive emaciation. Effects are chronic, ex- 
tending over a time varying from a few weeks to two or three years. 
Deaths ordinarily result from starvation, the animal ceasing either to 
eat or drink.” (Marsh.”) 


Remedy. “The first principle is to supply good feed, give laxatives, 
and strychnine for cattle and Fowler’s solution for horses.” (Marsh.”) 


COMMON BRACKEN FERN 


Pteridium aquilinum pubescens Underw. 


Fern staggers is undoubtedly more common than any other trouble 
caused by poisonous plants in Western Oregon. The prevention of this 
disease by using good feed is so well understood that it seems safe to say 
that any owner of horses can absolutely prevent fern staggers. 


Common Name of Plant. The “fern” is the most common appella- 
tion given to the bracken fern. The common names, horsetail fern, 
mares-tail, etc., apply to a different fern, which is sometimes respon- 
sible for similar effects. 


Animals Affected. This disease due to eating ferny hay is confined 
almost entirely to horses, although there are occasional reports that 
cattle have been poisoned by the fern. It is doubtful, however, whether 
fern staggers is of any importance except among horses. 


The Extent of Poisoning. The dangerous sections may very easily 
be located by the amount of fern occurring in the hay fields. As most 
ferny hay is unsalable or undesirable it is usually fed on the ranch where 
it is cut. Fern staggers is therefore largely confined to the ferny 
districts. Fern staggers appears to be more prevalent in dry seasons 
than others, probably because of the shortage of good hay. Fern stag- 
gers has been known in Western Oregon since pioneer days, and still 
continues. Every year a considerable number of horses either become 
sickened or die of fern staggers. So common is this trouble that it 
becomes very important for every farmer or others feeding horses to 
know the fern and what constitutes “ferny hay.” 
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Conditions of Poisoning and Quantity Required to Poison. There is 
very little good evidence that horses or other stock are commonly 
poisoned on fern in pastures. Although this may occasionally happen it 
is of so little consequence that the prevention of this disease is almost 
entirely confined to the feeding of horses at the stall. Ferny hay is 
usually rated as dangerous when it contains about one-third of the com- 
mon bracken fern. The fern is a slow-acting poison so that the non- 
appearance of the disease when a little ferny hay is fed is all the more 


Fig. 9. A ferny hay field. (See Fig. 10.) 


dangerous, because it gives rise to the impression that the danger point 
has not been reached or that the hay being fed is entirely safe. It usually 
requires about a month of feeding upon ferny hay to cause fern staggers, 
although the conditions leading to this poisoning are not entirely under- 
stood, and exceptions to this general statement are sometimes found. 
Fern staggers is most common during dry years when the best hay is 
sold and the farmer retains the poorer hay for his own stock. 


When is the Fern Poisonous? Ferny hay is dangerous at any time 
of the year that it is fed. The largest number of losses, however, occur 
from August through fall and during the winter, following the season 
of hay harvest. 

Contrary to the common belief, fern poisoning is caused by a chem- 
ical poison that is found in the leaves and is not due to the presence of 
large quantities of spores or “rust” found on the under side of the leaves. 
This fact has been demonstrated by experimental feeding and appears to 
be well established. 

How Can the Fern be Recognized? Almost every farmer knows the 


fern, and to him no further description is necessary. It is to the occa- 
sional purchaser of poor hay that the means of recognizing this plant 
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should be given. An idea of the characteristics of the leaves of the 
common fern may be had by an examination of the accompanying illus- 
tration. It will be noted that all of the plant coming above the ground 
is one large leaf, which is very much divided. On the under side of this 
leaf will be found an over-turned margin, under which will be produced 
a large number of tiny rust-colored spore cases. The spores are pro- 
duced in so large a quantity that the under surface of the fern leaves 
and often also the hay become coated with the brown powder. Even 
if the hay is cut before the spore-producing season it is just as dangerous 
as afterward. The brown powder due to. these spores is commonly re- 
ferred to. as “rust;” it has no connection, however, with the disease of 
grain and other plants known as rust. 

The stems of the fern grow horizontally and are all far underneath 
the surface of the ground. This fact makes eradication difficult. 


Distribution and Habitat in Oregon. Although the fern, or bracken 
fern, is found growing throughout the mountainous districts of Oregon, 
it becomes of economic importance only west of the Cascades where it 
grows in sufficient abundance to cause fern staggers. The bracken fern 
may be found in almost any locality where a sufficient amount of moisture 
occurs and the soil is deep enough for the underground stems to grow. 
Fern staggers, however, is most likely to occur in the foothill section of 
the Cascade and Coast mountains. Ferny hay is sometimes shipped out 
of these sections and causes poisoning in unexpected places. 


Preventive Measures. Here, as in all other cases, prevention is the 
best cure. With good fern-free hay fed all the time there is never any 
trouble with fern staggers. Farmers report that when a sufficient quan- 
tity of good hay is fed along with the poorer quality and plenty of other 
good feed is given all the time, horses will pick out only the good feed and 
leave the fern, which may be thrown out of the manger each day and 
used for bedding. Horses are known to acquire a taste for the fern, 
however, when forced to it by lack of a sufficient quantity of good hay or 
by continual feeding upon ferny hay. When the taste for ferny hay is 
once acquired the practice of feeding hay with any fern should at once 
be abandoned. Under these conditions it is not possible to use the ferny 
hay for bedding, because the horse will eat even the bedding. Doctors 
S. Hadwen and E. A. Bruce” state: “The affected horses in nearly 
all cases received but little else than hay in the shape of food; where 
animals were given plenty of hay and roots with occasional feeds of 
bran and oats, no trouble of this nature occurred.” 


Symptoms. Doctor B. T. Simms, Professor of Veterinary Medicine 
at the Oregon Agricultural College, describes the symptoms and remedy 
of fern poisoning as follows: 


“Not all the symptoms to be mentioned are necessarily seen in 
every case. The first thing noticed is usually a slight unsteadiness of 
the gait. At this time appetite, temperature, and condition of the bowels 
are usually about normal. The respiration may be somewhat faster 
than is normal. As the disease progresses the affected animal shows a 
typical loss of control of the muscles. The gait is very unsteady. The 
animal may push forward or stand with the head pushing against the 
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manger. There is frequently a drowsy appearance. There may be some 
difficulty in taking food into the mouth and in swallowing. The appetite 
usually remains fairly good until the symptoms are very marked. The 
temperature frequently remains about normal. There may be some 
costiveness, but the bowels are not disturbed in a very high percentage 
of the cases. 

“From seven to fifteen or twenty days after symptoms first appear 
the affected animals may go down. Those that get down usually die a 
few days afterward. 


“Treatment. This will vary somewhat according to the symptoms 
existing. For this reason a veterinarian should always be called if there 
is one in reach. Moreover, this should be done as soon as symptoms ap- 
pear. Skillful treatment will save a very high percentage of these cases 
if it is given in time. It is usually impossible to save them, however, if 
they have been showing symptoms for ten to fifteen days before the 
veterinarian reaches them. If no veterinarian is to be had the animal 
should be given a purgative such as a quart of raw linseed oil. All 
ferny hay should be taken away immediately. Bran mashes, good clean 
hay, and perhaps some carrots may be given as food. The animals af- 
fected should be kept as quiet as possible. Comfortable quarters should 
always be provided. Plenty of bedding should be placed under the animals 
and care should be taken that they are not exposed to the weather or to 
very cold wind.” 


MINOR POISONOUS PLANTS 


Several other plants native to the State are known to cause poison- 
ing of domestic animals. The lesser importance of these plants is due 
to their restricted geographic distribution or to their occurrence in places 
where stock rarely graze. Some of these plants are poisonous only for 
a short period of the year, while others are rarely eaten because of 
their repulsive taste or smell. No attempt has been made to discuss 
these plants in the order of their importance, because there is little 
known concerning the actual extent of their injury to domestic animals. 


SHRUBS 


Menziesia. Menziesia or fool’s huckleberry (Menziesia glabella 
Gray) is poisonous to sheep if they eat a sufficient quantity of it. It 
grows in the mountains and is most likely to be eaten along driveways, 
trails, and around bedding grounds after the good feed has been eaten 
off. If sheep herders will follow the plan of using different trails or 
driveways and different bedding grounds each night no trouble is 
likely to occur.” 


Black Laurel. There are two plants referred to in California as the 
black laurel, although they are quite different in appearance. One of 
these, Ledum glandulosum Nutt., occurs in the mountains of Oregon. -It 
is known to be poisonous to sheep, and there seems to be no question 
that it is the cause of serious losses in California. The extent of losses 
in Oregon is not known.” 


White Laurel or Large Azalea. (Rhododendron occidentale Gray.)” 
This plant is found in the mountains at lower elevations than the black 
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laurel and is poisonous to sheep. Sheep have been poisoned in Oregon 
on this plant when brought into new or unfamiliar areas. Wherever 
losses have occurred they should be reported to the Oregon Agricultural 
College Experiment Station. 


The Small Azalea. (Rhododendron albiflorwm Hook.) This plant is 
found in the mountains of the Northwest, and although not generally 
recognized as a poisonous plant is responsible for some losses among 
sheep. It is believed to be more poisonous than the Menziesia and less 
poisonous than the black laurel. 

The United States Department of Agriculture” gives the following 
symptoms and recommendations for treatment: 

“The symptoms are practically the same in all cases of laurel poison- 
ing. There is salivation, resulting in frothing at the mouth, nausea, 
ordinarily accompanied by vomiting, depression, weakness shown by a 
staggering gait or inability to stand, and irregular respiration. Grind- 
ing of the teeth is frequently noticed in sick animals. 

“Little can be done in the way of remedial treatment. Anything 
that will aid in elimination will be of some benefit, and to this end 
purgatives may be given such as Epsom salts in doses of four ounces. 
The main reliance, however, must be placed on prevention. Herders 
should learn to recognize and avoid the plants.” 


Western Choke-cherry.“ The leaves of the Western choke-cherry, 
Prunus demissa (Nutt.) Diet., are known to cause poisoning in sheep, 
although the conditions under which poisoning occurs are not well un- 
derstood. A few sheep are likely to become poisoned if they are driven 
along driveways lined with this shrub. Such places should be carefully 
avoided by sheep herders, both as driveways or bedding grounds. The 
poisonous principle acts very quickly, and there is usually little that can 
be done to save poisoned animals. 


“Poison Oak.” (Rhus diversiloba T. and G.) This is not a stock- 
poisoning plant and in some places is regarded as valuable forage. 


Mistletoe. This parasite (Phoradendron villosum Nutt.) so com- 
monly found upon the oaks in some parts of the State is rarely accessible 
to cattle. It is said that they are very fond of it, however, and if by 
any chance they get an opportunity, will eat it greedily. 


Rabbit Brush. A number of plants in the sage-brush desert country 
are called rabbit brush. The one referred to in this article is technically 
called Tetradymia glabrata Gray. Losses of several thousand head of 
sheep in Nevada’ have been reported, and as this plant has been found 
growing in Oregon it is thought best to mention it here. If any losses 
within the State have occurred, it is urged that they be reported to the 
Oregon Agricultural College Experiment Station. This rabbit brush is 
found growing on the sage-brush areas along with the bud sage, white 
sage, shadscale, salt sage, and the green sages. Fatal results are 
reported in the spring when there is little else to eat and sheep have 
been forced to graze upon the young buds and leaves almost exclusively 
for some time, until the stomach is nearly full. This situation cannot 
occur unless the sheep are very hungry due to lack of other feed. 
Cautious herding and a good supply of other feed are suggested as 
preventive measures. 
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HERBACEOUS PLANTS 


Common Horsetail. (Equisetum arvense L.) The poisonous nature 
of horsetail or mares-tail is very much like that of the bracken fern. 
Like the fern, horsetail is injurious when found in hay. It grows abund- 
antly on moist bottom lands, and often proves to be a bad pest in al- 
falfa, oats, or other hay crops. 

Staggers caused by the horsetail fern (often called “rush’) fre- 
quently occurs among horses. 

The poisonous effects are usually slow to appear. The conditions 
causing the disease, its prevention, symptoms, and treatment are similar 
to fern staggers caused by the bracken fern and mentioned on pages 33-34. 


Milkweed. Sheep and cattle are sometimes driven by excessive hun- 
ger to eating the different milkweeds. Although they are very distaste- 
ful when green, the milkweeds are readily eaten when dry because the 
bad flavor has disappeared.’ Most of the losses are due to the narrow- 
leaved milkweed or Mexican whorled milkweed (Asclepias mexicana 
Cav.), which is poisonous at all stages of growth either green or dry. 
The leaves are the most poisonous part of the plant, with the stems and 
pods next in order. The dried milk is very poisonous. The narrow- 
leaved milkweed is of far greater importance’ as a poisonous plant than 
the showy-leaved milkweed (Asclepias speciosa Torr.), and the dried 
plant contains little of its original poisonous substance. Both milkweeds 
occur in Oregon. The whorled milkweeds of the Rocky mountain re- 
gion” ** are not reported for this State. 

There is no known medicinal remedy. The milkweeds are poisonous 
at all times, and the dead standing narrow-leaved milkweed is poisonous 
in the winter or in hay. It is believed that horses** as well as sheep and 
cattle may be poisoned by the Mexican whorled milkweed. 

Stock should be kept away from milkweed patches or kept on 
pastures where the feed is sufficient to maintain the animals in good 
condition and to prevent hunger. 


Aconite. Aconite (Aconitum columbianum Nutt.) has long been re- 
garded as a poisonous plant. It is known to contain a poison, but ex- 
periments by the United States Department of Agriculture indicate that 
aconite does not cause stock poisoning on the range.” (Page 10.) The 
tall larkspur which looks somewhat like aconite renders a grazing 
ground dangerous while aconite does not. 


False Hellebore. This plant, Veratrwm californicum Durand, is 
more often called “skunk cabbage” than false hellebore. This is not 
to be confused with the trve skunk cabbage. The false hellebore is 
commonly found in the mountains in Oregon. Fatal poisoning rarely 
occurs except among young sheep, but older sheep are sometimes made 
very sick. As one sheep herder expressed it, “sheep lie down all day, 
travel next day.” In order to avoid poisoning, sheep should be allowed 
to eat the “skunk cabbage” only in small amounts if at all. 


Vetch. Dr. W. H. Lytle, State Veterinarian, reports” that poisoning 
of cattle is quite prevalent throughout the vetch-growing sections of 
Oregon. The feeding of ensilage is recommended as an antidote and an 


appetizing food. Animals affected with vetch poisoning lose their 
appetite. 
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Vetch should be cut before it has become over ripe and heavily 
podded, whether it is to be used as hay or for ensilage. Vetch hay should 
be fed with caution. 


Tar Weed. This name is applied to a very common weed in the 
wheat fields and waste places of Eastern Oregon. There is a general 
belief that the tar weed, (Amsinckia intermedia Fisch. and Mey) causes 
the walking disease among horses. Whether this plant is responsible for 
the sickness has never been definitely established. Until the tar weed 
is definitely determined to cause the sickness no recommendations should 
be made. For the present all that it is safe to say is that mules appear 
to be immune, and on this account they are rapidly replacing horses in 
the drier wheat-growing section of the State. 


Arrow-grass (Triglochin maritima L.) has been recently reported as 
the cause of death in sheep and cattle in Nevada.’ 

Arrow-grass grows in the marshes along the Oregon seacoast and 
in the interior salt marshes. Although no cases of poisoning caused by 
this plant have been found or reported to the Experiment Station, it is 
thought best to call attention to the poisonous nature of the plant. 

Hay should not be cut where arrow-grass grows abundantly, nor 
hungry stock allowed to graze in pastures where it grows. 

The leaves of arrow-grass are poisonous throughout the entire life 
of the plant and also when cured with hay. No medical cure is known. 


Foxtail Grass. This grass is not poisonous, but the long barbed 
beards cause mechanical injuries to sheep, horses, and cattle. The 
beards or awns are covered with sharp barbs, as anyone may prove by 
pulling one between the fingers. The squirrel-tail or foxtail grass 
(Hordeum jubatum L.) is a common weed in the irrigated sections of the 
State as well as on the lower moist meadows. 

The chief trouble occurs when foxtail is present in hay. The barbed 
awns work down between the teeth, causing sore gums. They become 
entangled in the wool about the eyes of sheep, working under the eye- 
lids and even into the eye-ball, causing blindness in sheep. Cases have 
been reported where the awns worked through the palate and into the 
nasal passages. Awns found working their way into the flesh of animals 
should be pulled out. 

Foxtail is an annual grass. Control measures must therefore cen- 
ter about eradication to prevent seed production. This can only be done 
by cultivation with springtooth harrow, by frequent cuttings of infested 
fields, or if the field is very badly infested by plowing up and clean cul- 
tivating. oxtail is said to indicate excessive irrigation. Where this 
seems to be true irrigation can be reduced. 


The downy brome (Bromus tectorum L.) also causes similar injury 
when found in hay. The downy brome is sometimes called “cheat grass.” 


St. John’s wort is found throughout the timbered and grass sections 
of Oregon, but is especially abundant in Western Oregon. This plant is 
also called goat weed and Tipton weed. Cases of poisoning have been 
reported to this Station. 

St. John’s wort (Hypericum perforatum L.) will cause an irritation 
of the skin of sheep, horses, cattle, and goats when they are forced to 
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eat the plant.* Animals chiefly affected are those with unpigmented 
skin or unpigmented spots or patches of skin, when exposed to the sun. 
Cloudy days or shelter is often sufficient to prevent the irritation. From 
forty-eight hours to three weeks, according to the age of the plant eaten 
or the amount of sunshine, are required before the symptoms of poisoning 
are noted. The exposure of unpigmented skin to sunlight causes the 
development of sores and scabs that itch. The itching sensation causes 
the animals to scratch, rub, bite, or lick the affected parts, and in severe 
cases to run as if mad. In both cattle and sheep there is a loss of condi- 
tion, in milking cows there is a suppression of milk, and the value of 
the wool of sheep is seriously lowered on account of an interference 
with growth. 


Western Sneeze Weed (Helenium hoopesti Gray) causes the “spew- 
ing sickness” of sheep and is poisonous to cattle.“ The plant grows in 
the Stein mountains and possibly in other sections of Eastern Oregon. 
No cases of poisoning have been reported to the Oregon Agricultural 
College Experiment Station. In other western states where the sneeze 
weed has become dangerous, the spread of the weed has followed a 
depletion of the range due to overgrazing. No medicinal remedy has 
been found. It is difficult to exterminate, and the restoration of an 
overgrazed range is very slow. For these reasons continued care should 
be observed to avoid overgrazing where the sneeze weed has obtained 
a foothold. 


FUNGI 


Toadstools. Toadstools of various kinds have been reported as caus- 
ing the death of many sheep and goats in the timbered regions of the 
State. 


Moldy hay. Almost any moldy feed will cause poisoning. Improper- 
ly cured alfalfa or other hay will mold. The same is true of hay and 
straw in the stack if exposed to the weather in such a way that it be- 
comes wet. Moldy hay usually has a musty smell and should not be fed. 


Ergot. Ergot is very common on several of the wild grasses of the 
State, especially upon the wild rye-grasses. The conditions are such 
that these ergoted heads are rarely eaten, however, and no serious 
damage results. 


FORAGE POISONING 


Spoiled hay or ensilage infested with molds or certain bacteria may 
cause forage poisoning in horses, cattle, or mules, which are usually af- 
fected in the order named. 

Forage poisoning is also called “blind staggers,” cerebrospinal men- 
ingitis, etc. 

When feed is kept under improper moisture conditions a growth of 
molds or bacteria may develop which may give rise to toxic substances 
that cause forage poisoning. 


*Dodd, Sydney, 
1920. St. John’s wort and its effects on livestock. 
Agricultural Gaz. N. S. Wales 31:265-272. April 3, 1920. 
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The bacterium known as Bacillus botulinus has been shown by in- 
vestigators’*** in the central United States to cause forage poisoning. 
This organism is responsible for a similar disease in man called “bot- 
ulism.” 

There is no reliable medical treatment, but some animals may be 
saved by the use of purgatives. No mouldy or spoiled forage or ensilage 
should be fed to stock because of the danger of forage poisoning, which 
is usually fatal to horses and mules. 


POISON SPRAYS 


Cover crops grown in orchards where lead arsenic spray has been 
used have been the cause of fatal poisoning in horses. The horses 
ate hay cured in the orchards. 

Weeds sprayed with arsenic sprays for the purpose of eradicating 
them have also been fatal to cattle. In fact any stock will become 
poisoned unless kept away from such dangerous applications of poison 
sprays. 
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RECOMMENDATIONS 


Farmers of Oregon lose thousands of dollars annually from the 
treatment of seed for bunt because of seed killed or injured by treat- 
“ment and the consequent thin stands of wheat. As shown in this 
bulletin, these losses may be reduced to a minimum by: 


(1) Sowing clean, plump seed which has been fanned and all 
foreign matter, smut balls, and most of the cracked and injured 
kernels removed. 


(2) Treating the seed by the bluestone-lime method. Use 1 
pound of bluestone to 5 to 10 gallons of water, dip 5 minutes, drain 15 
minutes, and dip in milk of lime (1 pound of lime to 10 gallons of 
water). The stronger solution is advisable only when seed is sown 
in bunt-infested soil. Always wash bluestone-treated seed in lime 
water. 


(3) Treating seed with a formaldehyde solution of 1 pint of 
commercial formaldehyde to 40 to 45 gallons of water. Dip 3 to 5 
minutes, drain, and plant within 24 hours in soil sufficiently moist 
for prompt growth. For sowing in dry soil, or if treated seed is to 
be stored for any period of time, the bluestone-lime method is prefer- 
able. Good results with formaldehyde-treated seed can be secured 
by treating the seed one day and sowing it the next. Read pages 
Pas) (0) BVA. 


Several highly bunt-resistant wheats which can be safely sown 
without seed treatment have been discovered at the Sherman County 
Branch Experiment Station. See pages 37 to 42. 


The ‘Wikea: BiG eed dtgen i Oregon" 


By D. E. STEPHENS and H. M. WOOLMAN 


TIyEPRECT OF CHEMICAL SEED TREATMENT ON THE 
CONTROL OF BUNT AND ON SEED GERMINATION 


Bunt, or the stinking smut of wheat, has undoubtedly been the cause 
of a greater aggregate loss to the world than any other crop pest. Rusts, 
Hessian fly, chinch bugs, and other enemies have from time to time caused 
immense losses, but the ravages of each of these have been somewhat 
restricted in area and to some extent sporadic in character, while the bunt 
has steadily taken its toll in all localities where wheat has been grown 
throughout the centuries that this cereal has been the world’s principal 
bread crop. The losses due to it fall not alone on the wheat grower, but 
extend to all who eat bread. In addition to the direct loss in yield, there 
are the indirect losses due to the befouling of the threshed grain, the ex- 
pense of treating the seed, and the actual loss of seed due to the effect of 
the fungicide on the viability of the grain. 


WHRUAMIE CANUSIES SIMUOIE 


The cause of the disease is a microscopic fungous plant which may be- 
long either to the species Jilletia tritici or to the species Tulletia levis. The 
two cannot be distinguished by the ordinary observer and can only be iden- 
tified with certainty by the use of the microscope. The so-called bunt ball 
or button, which appears where the grain of wheat should be, is composed 
of about four million spores or reproductive bodies analogous in their func- 
tions to the seed of a flowering plant. When kept dry, these spores retain 
vitality for several years. Spores twelve years old have been found to 
germinate. In moist soil, they germinate in from four to eight days, the 
exact time being governed by the soil temperature and degree of soil mois- 
ture. The eventual result of their germination is the production of an 
infection thread which, coming in contact with the underground parts of 
a young wheat plant, may, by some means not fully understood, bore its 
way into the plant tissues. If it finds the host plant congenial, that is to 


* This bulletin is a progress report of cooperative experiments that have been 
conducted in Oregon by the Oregon Agricultural College Experiment Station and 
the United States Department of Agriculture relating to the wheat bunt. problem. 
The work reported herein includes methods of seed treatment, and the search 
for and production of wheat varieties immune or highly resistant to the disease. 
During the course of the investigations, a number of different people have 
assisted in the work and in various places in the text reference is made to the 
assistance rendered by these people. All pathological work has been under the 
direct supervision of Dr. H. B. Humphrey, Patholigist in charge of Cereal 
Diseases, United States Department of Agriculture, and Prof. H. P. Barss, 
Pathologist, Oregon Agricultural College Experiment Station. The wheat 
breeding work has been supervised by Dr. C. R. Ball, Cerealist, United States 
Department of Agriculture; J. Allen Clark, Agronomist in charge of Western 
Wheat Improvement, United States Department of Agriculture; and George R. 
Hyslop, Farm Crops Specialist, Oregon Agricultural College Experiment Station. 
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say, if it is a susceptible variety of wheat, it proceeds to make its way to 
the growing point, the young head, where it will persist and spread as the 
head grows until the time when the wheat kernel should begin to form. 
It then assumes entire control of the-growth of the kernel, generally pre- 
venting the fertilization of the ovary by killing the stamens, or male organs 
of the plant. It absorbs all the food elements which the wheat plant ordi- 
narily provides for seed formation, converting the food to its own use, the 
formation of smut spores. 


Fig. 1. Various stages in the germination of spores of stinking smut, Tilletia 
tritici. a, Spore surface showing characteristic reticulate ridges; b, spore in 
early stage of germination with young promycelium protruding from the ruptured 
spore wall; c, a later stage in the formation of the promycelium; d, mature 
promycelium with a tuft of H-shaped sporidia, s, borne in its summit; e, a 
separated sporidium which has produced secondary sporidia, ss; f, a separated 
sporidium which has given rise directly to an infection thread, in; g, several 
secondary sporidia which have started to germinate or have produced infection 
threads. (From Wash. Exp Sta. Bul. 126.) 


METHODS OF DISTRIBUTION 


In the threshing process, many bunt or smut balls become broken and 
a part of the spores become so persistently attached to the grain to which 
they adhere that no mechanical method of cleaning will remove them with- 
out destroying the viability of the grain. The spores present on the seed 
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will cause a bunted crop if sown without chemical treatment. A large part 
of the spores, however, are blown from the thresher and scattered broad- 
cast for miles. Where these settle on summer-fallowed ground already 
prepared for seeding, they are a more serious menace than the seed-borne 
spores, as no treatment will prevent infection from them if the crop is sown 
soon after the first fall rain, as it usually is when summer-fallowing is 
practiced. The spores begin to germinate as soon as the soil becomes 
moist, and will be in a condition to infect the young wheat plants for at 
least a month thereafter. The infection can take place in the young plant 
anywhere between the seed and the surface of the soil. 

Since the time when fairly satisfactory methods of seed treatment were 
worked out, from twenty to thirty years ago, the central and eastern parts 
of the United States have had but small losses from bunt except where the 
growers neglected to treat their seed. In the Pacific Northwest, however, 
the wheat growers have continued to suffer great losses notwithstanding 
the fact that seed treatment was universal and usually thorough. Up to a 
tew years ago this state of affairs was a mystery. The explanation was 
discovered at the Washington Agricultural Experiment Station at Pullman, 
between the years 1913 and 1917.* 


It was found that bunt prevalence in the Pacific Northwest was insep- 
arably connected with the summer-fallow system of farming. It was also 
found that in certain years more than forty thousand bunt spores per square 
inch settled on the fields in the vicinity of Pullman, Washington, during 
the threshing season, and that in certain cases as high as 60 percent of 
bunt appeared in the crops due to these wind-disseminated spores alone. 
Jt is true that in Oregon this annual spore fall is much less than in the 
Palouse country of southeastern Washington and northern Idaho, but it 
is sufficient in some localities to cause considerable loss. 


Wind Dissemination of Bunt Spores. During the harvesting and 
threshing season of 1918, an investigation was undertaken to determine 
the extent of bunt-spore fall in Oregon. 

Spore traps were installed at several points in Eastern Oregon and 
placed under the care of local people.t After threshing had been finished, 
the contents of these traps were collected and counted by the junior writer. 
Table I shows the location of traps and number of spores falling per square 
inch. 

On August 6, Messrs. Bell and Kearns collected leaves from trees at 
intervals along the road from Pendleton to La Grande. The leaves were 
examined and the spores adhering to them estimated by Miss Jessie P. 
Rose at Corvallis. Spores were found on them all, the number decreasing 
in inverse ratio to the distance from Pendleton. The road crosses the 
Blue Mountains at an elevation of about 4000 feet and spores were found 
on the top. Another collection was made by the same persons on the road 
from Elgin in the Grande Ronde Valley to Walla Walla, Washington; 
spores were found on all collections, but they were comparatively few in 


number. 


*Heald, F. D. and Woolman, H. M. 1915, Bunt or Stinking Smut of Wheat. 
Wash. Agr. Exp. Sta. Bul. 126, p. 24, fig. 5. 


+Assistance in collecting bunt spores was rendered by the following persons: 
Harry Key and C. C. Calkins, Moro; J. H. Padburg, Heppner; Geo. White, 
Lexington; Bernal Hug, Elgin: Robt. Withycombe, Union; Blanch Strode, 
Mikkalo; Rose Anderson, Condon; Dr. Campbell, Cold Springs; Mr. Coppeck, 


Athena. 
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TABLE I. NUMBER OF BUNT SPORES TO THE SQUARE. INCH COL- 
LECTED AT SEVERAL LOCALITIES IN OREGON BETWEEN JULY 


| 
pie 
gas 
o 
Date Locality ei Ene Ss 
=BES 
lee a 
| augs 
a 
= { 
AUBUSt MOMmto eAULSUSt mal ease eee MOPO" Lh acte ee ee | 77 
August 31 to September 8... sal MOTO: 22. 216®@ 
August 22 to September 10... Moro. 75@ 
August 22 to September 13... Sa |INIOT ON ee ze: 30 
August 1 to August 24........ ..{Heppner ..... ea 152 
August 1 to August 277........ SE bexin ge tone se oe: 73 
August 5 to September 24.. PV eit. sees aN | 560 
UE UISc! G PLO CHCLOUGD css een oe eee Unions Les 190 
Olivas, eLOMSeCDTCIMDeR G2 2s cee Mikkalo 2500® 
Ditilvalimtoyse ptemibDers Ge esse ee eereee! Condon = 122 
Nivel ee COMATIOUIS Th eeeseeee Pilot. Rock ......-2 1005 
July 8 to September 6. = Colds Springs; —--- aX 1570 
NUE Vee 8) COMPAR SUS Tal Sacre eee een ener ee AC GIG wk Dee ee. eee Ue eee 4466 


@ Stacking straw close to trap during this period. : 
@ In bean field. Wheat field 20 rods on east and % mile on southwest. 
@ Along side of road and near elevator and railroad sidings. The number 


collected here is probably much more than would have been caught in the 
neighboring fields. 


An observation that clearly shows the great distance that these spores 
may be transported by the wind was made by the junior author at the 
town of Haines in the North Powder Valley. Cottonwood leaves collected 
here on August 5 had adhering to them from 200 to 500 spores to the square’ 
inch of surface. At the time the leaves were collected the nearest possible 
point of origin was the wheat region west of the Blue Mountains around 
Pendleton, where harvesting had been in operation since about July 4. 
These spores had evidently been picked up by the wind at an elevation of 
1000 to 1500 feet, carried 100 miles to the east, over the Blue Mountains 
4000 to 5000 feet high, and finally deposited at an elevation of 3300 feet, 
the altitude of Haines. 


REMEDIES 


The results of the investigation above referred to made it evident 
that the wheat bunt pest in the Pacific Northwest could be controlled 
only by an entire change in the system of farming or by the production of 
varieties of wheat immune or highly resistant to the disease. Seeding be- 
fore the threshing season and replowing the summer fallow after, thus 
burying the spores below the seed bed, or very late seeding are available 
remedies under certain conditions; but for obvious reasons all are inappli- 
cable as general methods. Soil treatment for the infection would be im- 
practicable on account of the expense. The Experiment Station workers 
of Moro and Corvallis and the cooperating agents of the United States 
Department of Agriculture were therefore convinced that the permanent 
solution of the problem could only be reached through the production 
of resistant varieties. The principal part of their work on this problem 
for the last few years has been directed to this end and it is now 
felt that it is only a question of time when all the susceptible varieties 
of wheat now grown in Oregon can be replaced by immune or highly 
resistant ones having all other desirable qualities. In fact, there are now 
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in the experimental plots about twenty varieties of several different types 
ranging from hard red to soft white, any of which could be safely sown 
without treatment. Some of these immune varieties are certainly unsuit- 
able for commercial growing in Oregon but are of unquestioned value as 
parents for new hybrid varieties. Even if there were discovered and 
developed from among these immune and resistant wheats, however, 
varieties that would be entirely satisfactory for each of the different types 
of soil and climatic conditions of Oregon, several years would have to 
elapse before they could be fully tested and increased sufficiently to supply 
the demand. It is likely that further crosses will have to be made before 
the ideal types of wheat are obtained. Since in the meantime seed treat- 
ment must continue, search for improved methods of treatment has not 
been neglected. 


GEOGRAPHIC DISTRIBUTION AND COMPARATIVE VIRU- 
CENCE OR MTLEE LAS ThRInIC! AND RIELEDIA LEVAS, 
THE ORGANISMS CAUSING BUNT 


East of the Rocky Mountains T. levis is the species generally found, 
though in some localities both are found occasionally. Both are frequently 
found in Michigan. West of the Rockies, 7. tritici is by far the more 
prevalent. According to Professor W. W. Mackie, of the University of 
California, it is practically the only species found in California. The two 
occur in Western Oregon, and in the Willamette Valley in particular, 
where they are about equally abundant. In the wheat belt of Eastern 
Oregon and Washington and Northern Idaho, or what is generally called 
the Inland Empire, 7. lewis has not been found in the field. It does, how- 
ever, occur in Southern Idaho, notably around Pocatello, where in 1918 
it was found by the junior writer in wheat stored in warehouses. 

Why T. levis has not spread from Western to Eastern Oregon is a 
matter for conjecture. It has been suggested that the two forms have 
special soil and climatic adaptations. Experiments in Oregon have fur- 
nished little, if any, support for this theory. 


To determine the relative virulence of T. tritici and T. levis under dif- 
ferent soil and climatic conditions, lots of twenty-one varities of wheat 
were first treated with formaldehyde, dried and divided into two portions, 
one of which was heavily infested with spores of T. tritici and the other 
with T. levis. These lots were further divided and planted in the fall of 
1918 at Corvallis, Moro, Hermiston, Union, and Medford. Unfortunate 
conditions at all these places except at Moro prevented the obtaining of 
complete records from the resulting crop. Reliable records for nine varie- 
ties were obtained both at Corvallis and Moro; viz., Pacific Bluestem, 
Marquis, Jones Fife, Little Club, Banner Berkeley, Unknown, Red Rock, 
Alberta Red, and Turkey No. 889. 

Reliable records for the following six varieties were obtained at Herm- 
iston: Jones Fife, Banner Berkeley, Unknown, Red Rock, Alberta Red, 
and Turkey No. 889. Reliable records were also secured at Medford for 
Fortyfold, Turkey (Washington No. 326), and four varieties of Little 
Club and Fortyfold hybrids produced by Superintendent Withycombe of 
the Eastern Oregon Branch Experiment Station. No records of these six 
were obtained except at Medford and Moro. 

The average results are given in Table II. 
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TABLE II. PERCENTAGE OF SMUTTED HEADS FOUND IN WHBAT 
VARIETIES SOWN IN THE FALL OF 1918 WITH SEED INOCU- 
LATED WITH SPORES OF 7. TRITICI AND T. LEVIS AT CORVALLIS, 
MORO, AND HERMISTON, OREGON 


| Number of Percentage of bunted heads 


eens | varieties T. triciti 1. levis 
valli ce ‘ 10 ie 57.2 
ee i 20 40.0 26.3 
Picken tctas 40.5 
Hermiston A 12 42.1 D 
AV Grae Ole ee ee oe ee ey Re ee 42.0 31.0 


In the fall of 1919 the seed of eight varieties was prepared in the same 
manner and planted at Corvallis, Moro, Hermiston, Union, and Astoria. 
The results are given in Table III. 


TABLE III. PERCENTAGE OF BUNTED HEADS IN EIGHT WHEAT 
VARIETIES SOWN AT FIVE PLACES IN OREGON IN THE FALL 
OF 1919, WITH SEED INOCULATED WITH SPORES OF T. TRITICI 
AND T. LEVIS 


| Percentage of bunted heads at: 


Variety | Corvallis | Moro | Hermiston | Union Astoria 
J | 
ema boner | ea ee : 
3 og sO s. 3 
Bee) ES Sa Soe Se Se 
H} ej) ae] ej) a| ae | H HH | Hd 
lehievetoh SMe} ae eeenee ZOLSN Se matosed: | 43.0 | 68.2 | 65.8 | 10.5 | 23.7 | 90.1 | 37.0 
Itoycuntaiollol ee . | 42.5 | 60.4 | 67.9 | 34.9 | 13.0 | 38.0| @ | @ | 48.3 | 40.4 
Turkey No. 889 _... ai We CPAs 622) 16:9) 207020 eb oe eS OL One en 
American Banner . 29.4) 27.7 | 52.6 | 37.7 | 34.1 | 22.9 | 20.0 | 24.9) 8.6) 5.7 
TENDING EUSA OS one 3.8] 3.8] 9.4) 8.0] 6.2] 2.9|)15.4] 3.3] 5.5) 5.5 
INVENS REY pel OSU Heys en es ee eee PU AON LG 12a OT 1 O20 | 0.0)17.2| 0.8) 5.2] 6.9 
Turkey (Wn. No. 326) ....| 19.6 | 21.6 [11.1] 46) 4.0} 2.8} 1.4] 1.9) 33.7] 22.5 
SION Cougar | 7.0|10.0| 6.0] 4.0] 10.0 |.10.5 | 0.0) 1.8] 12.8) 0.0 
TAN CRAP Cie at cee Sen eeiers | 23.5 28.1 | 22.2 | 17.8 | 17.3 [17.9 | 10.3 | 8.3) 25.5 | 15.0 
@No plants. 


In 1919 plantings were made at Corvallis, Moro, Hermiston, Union, and 
Astoria to test the comparative virulence of spores of both species, (a) 
produced under the humid conditions of Corvallis and (b) produced under 
the semi-arid conditions of Moro. The spores of either species showed 
practically equal virulence whether produced at Corvallis or at Moro. A 
planting was made at Corvallis of seed infested with a mixture of both 
kinds of spores. T. tritici heads predominated in the resulting crop. 

In examination of this crop, the junior writer frequently found heads 
of both species of bunt in the same plant; in one instance T. tritici and 
T. levis were found in the same head. 

These results certainly do not indicate that the failure of T. levis to 
invade the fields of the Inland Empire can be attributed to uncongenial 
soil or climatic conditions. 

In the opinion of the authors, it is not necessary to assume special soil 
and climatic adaption to account for the non-spread of T. levis from the 
Willamette Valley to Eastern Oregon for two reasons. (1) The Cascade 
Mountains with their humidity probably form an effectual barrier to wind 
distribution. It is also true that T. levis does not pulverize as readily as 
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T. tritici but tends to break up into comparatively large aggregates in 
threshing and consequéntly inclines to settle near the thresher. (2) As 
different types of wheat are grown in Eastern and Western Oregon, the 
shipping of seed wheat from the Willamette Valley to east of the Cascades 
is probably infrequent, and when such shipments do occur, the seed almost 
certainly would be treated before planting, thus preventing the introduc- 
tion of 7. levis by seed-borne spores. 


EFFECT OF SEED TREATMENT ON THE GERMINATION OF 
WHEAT AND CONTROL OF STINKING SMUT 


In the autumn of 1912, observations made at the Sherman County 
Branch Station and elsewhere indicated that treating seed wheat for smut 
with a formaldehyde solution was responsible in many instances for thin 
stands of winter wheat. 


Results in 1913. In order to determine the effect of the formaldehyde 
treatment on securing stands of winter wheat, in the fall of 1913 Turkey 
winter wheat was sown at Moro with a single-disk drill on August 26, in 
duplicate twentieth-acre plots, two inches and four inches deep. The 
strength of solution used was 1 pint of formaldehyde to 48 gallons of 
water, with a five-minute soak in the solution. Untreated seed also was 
sown in check plots. On November 5 careful stand counts were made on 
each plot, with the following results: 


Shallow sowing, treated -.................. 83,000 plants to the acre 
Shallow sowing, not treated .......... 120,000 plants to the acre 
Deep sowing, treated ............-....--.-.-- 37,000 plants to the acre 
Deep sowing, not treated —........... _ 84,000 plants to the acre 


The experiment was repeated in duplicate plots on September 9 with a 
double-disk drill, with the following results: 


SaMow ssowine., tredted, —.22-...-.0---- 104,000 plants to the acre 
Shallow sowing, not treated —.......... 140,000 plants to the acre 
WCepESOmMile ECCATCH eee 62,000 plants to the acre 
Deep sowing, not treated .................. 120,000 plants to the acre 


In each instance the seed receiving no treatment produced considerably 
thicker stands than the seed treated with formaldehyde. 


Results in 1914. In the fall of 1914, Turkey wheat was treated with 
bluestone (copper sulfate) and with formaldehyde. A careful germination 
test between blotters gave the following results: 


Percent 

germinated 
UBS io PYRE ERG Vm MDa BURY 6 ENN es Mee a eae re eS es ee rer acer 94 
we TE SELVES 1 Eo On Sd SE ae a ee BD tee Deere ones ee oe Ree ee EEE PDI 92 
Bluestone, 1 pound ‘to 5 SAUOUST SOAKEO shaetRLLOS seen oe ete. wnssaceea ae soned ane 11 
Formaldehyde, 1 pint to 48 gallons, sgaked 5 minutes -:___._.....-.---.------...----- 28 


Results in 1915. In the fall and winter of 1915, sixteen germination 
tests were made in the laboratory with wheat, oats, and barley treated 
with formaldehyde and with bluestone. Table IV gives the results ob- 


tained. 
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TABLE IV. PERCENTAGE OF GERMINATION, WHEAT, OATS, AND BAR- 
LEY, TREATED AND UNTREATED 


(a) Percentage of germination on different dates of Turkey winter wheat 
not treated and treated with formaldehyde and bluestone on November 10, 191), 
and placed in germinators the same day. 


Treatment 
cant a 
{ @ fas) 
Qn: Clonee Wake 
Date ee | gee gS8 | S83 | Sad | S83 
OM Ss ok sof Soka | Bok | Booty 
Ya ~ ~ ae) me p | Pp fant 
Sos . NS pl ies NS 3S SiS) x 
pad oan Cun Sxne | Boa | ace 
i is) Lol | Lee! 
| % % % |. % % | 
November 88 74 67 82 20 33 
November 92 76 74 85 24 | 54 
November 94 83 76 88 29 70 
November 94 85 80 90 31 73 
November 97 86 83 92 35) eee 
November 97 87 84 92 38 78 
December on 92 95 94 74 95 
December 97 92 95 94 74 95 


(b) Percentage of germination on different dates of plump and shrunken seed 
of Turkey wheat treated with formaldehyde 1:48 and soaked ten minutes on 
December 30 and placed in germinators the same day. 


Shrunken 


Date Plump 
January 5 90 88 
January % .. O77. 94 
January 11 . 97 96 
96 


January 18 .... 


(c) Percentage of germination on different dates of Sixty Day Oats not 
treated and treated with formaldehyde and bluestone on November 10, 1915, 
and put in germinators the same day. 


Treatment 


Oo n n 
2 Lat 5 5 
Date eres gad aaa at 
cE ‘ae She fhe 
- a2 n QS 
oe on® eae eos 
re & _— +} Ian » | ion) my 
ol a ¥, | = 
November 28 18 a 49 
November 33 22 13 49 
November 51 39 21 51 
November 62 49 29 | 52 
November T© 54 3 | 57 
November 80 2 55 38 | 57 
December 88 89 10 | 89 


@In the tables of this bulletin the strength of formaldehyde solutions is 

papi ed in fase Sew of pints to ee thus: 1 to 40 equals 1 pint to 40 gallons. 
uestone solutions are expressed in a ratio of pounds to ll 

1 pound to 5 gallons. : saris mise es 
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(d) Percentage of germination on different dates of Sizty Day Oats not 
treated and treated with formaldehyde and bluestone ow November 10, 1915, 
and put in germinators on December 80, 1915. EP 


Treatment 


x 1S 
Date o | 
or Or. Ko) 
aa ie o 
= aor = 
Is AS a 2 
ee HD 2 
RS ods E 
A fr, 
% % Go x 
January 5 26 39 2 45 
January 7 _. fi 67 12 63 
Janaury 11 _. 100 TT 20 15 
January 18 100 80 45 75 


(e) Percentage of germination on different dates of Maryland Winter Barley 
treated with jormaldehyde on November 10, 1915, and put in germinators the 
same day. 


Treatment 


Date 


Formaldehyde Formaldehyde 
‘ 1:20, 
November 80 0 
November 84 7 
November 87 44 
November 88 66 
November 89 70 
November 89 71 
December 89 78 


(f) Percentage of germination on different dates of Maryland Winter Barley 
treated with formaldehyde on November 10, 1915, and put in germinators on 
December 30, 1915. 


Treatment 


Date Formaldehyde Formaldehyde 
1:40, ten min. 1:20, ten min. 


ORB inb Yeh enc c/s eee nee pene Soe pe Seon eee 88 0 
January 11 88 0 
88 3 


January 18 


It will be noted that in every instance the viability of the seed was 
injured by treatment and that the copper sulfate treatment was more 
injurious. In every instance washing or rinsing the seed in clear water 
increased the percentage of germination. In some instances the final count 
did not show any difference in the germination, but it will be noted that 
in nearly all cases there was delayed germination due to the seed treatment. 

Results in 1916. In the fall of 1915, seed of Turkey winter wheat (C. I. 
1558) was sown in damp soil on two dates at different depths. The first 
sowing was made on October 26, and the second sowing on November 5. 
Four lots of seed were used: (1) treated with formaldehyde, 1 pint to 
40 gallons, soaked 10 minutes; (2) copper sulfate, 1 pound to 5 gallons, 
soaked 10 minutes; (3) no treatment; and (4) seed soaked in clear water 
for 10 minutes. The seed treated with formaldehyde and copper sulfate 
was in all cases sown first so there would be no chance for reinfection 
of the seed. Each lot of seed was sown at three depths, 1 inch, 3 
inches, and 5 inches for the early sowing, and at two depths, 1 inch and 3 
inches for the later sowing. The seed was not artificially infested with 
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bunt, and, so far as could be observed, contained very little bunt infestation. 
Tables \ and VI indicate the results obtained in 1916. The percent of 
TABLE V. EFFECT OF VARIOUS SEED TREATMENTS AND DEPTHS 
OF SEEDING ON STAND AND SMUT INFECTION IN TURKEY 
WINTER WHEAT SOWN OCTOBER 26, 1915, AT MORO, OREGON 


n 
3 
oLo 
| aa g 5 
| Depth Percent crest 3 
Treatment sown of stand Robe 
ie ae ap 
; g3°9 
: Babs 
in. 46 
Mormal Gehivid Gio. eeeree eee cnes: cece see tere ane sae eee eran ee iL 81 2 
IBTWESTON Cae oe 1 76 0 
No treatment, dry ... 1 110 | 14 
Soaked in water ....... 1 100 5 
Formaldehyde ._....... 3 85 1 
IS IWMEStCONC Meee eee 33 65 1 
No treatment, dry ae 3 124 | 6 
Soaked in water .... meee 3 100 | 4 
Formaldehyde ........ a 5 88 | 5 
IBIVEStOMe Mae eens Ee 5 | 61 | 0 
No treatment, dry it 5 | 141 | 16 
Soaked in water ............ = 5 100 | 20 
Average, formaldehyde = = 85 | 2.6 
Average, bluestone ....... ee 67 0.3 
VAVOPAS EWG) tase eee el 125 12.0 
Average, water soaked uh 100 9.6 
Average, 1 inch depth ..... ey 92 | 5.0 
Average, 3 inches depth ....... Ae 94 | 3.0 
Average io minGhesd ep thee ene | 98 | 10.2 


TABLE VI. EFFECT OF VARIOUS SEED TREATMENTS AND DEPTHS 
OF SEEDING ON STAND AND ON SMUT INFECTION IN TURKEY 
WINTER WHEAT SOWN ON NOVEMBER 15, 1915, AT MORO, 


OREGON 
n 
3 
| o¢k 
Depth Percent on 5 Fs 
Treatment | ‘sown | of stand aie 
| | gA05 
| pEes 
| | as 
| in. % | 
LENG hase GPEWKG ES laitol(ey, x aN oe eee eee ce we og al 88 0 
Formaldehyde and washed . 1 126 0 
IS TMOSCOM CS ree ceca ee ce 1 82 0 
Bluestone and washed ... 1 89 0 
INoPtreatment, ary fee if 113 4 
No treatment, water soaked 1 100 6 
Mormal dehyde. eee ee ee 3 119 0 
Formaldehyde and washed . - 99 0 
ISIMESlONG se. Aes | 3 86 0 
Bluestone and washed ... 3 104 0 
BNOMmtMe acme mits City geese eee 3 alii 3 
No treatment, water soaked ..............22----:..-- 3 100 4 
PACVON AP Om LOLTUALCE ivi Gm pene snes se sees ee eee 103 0 
Average, formaldehyde and washed .. 112 0 
J Neistes felted evo OY ADKEXSH HOY OU eseeerssse ee eee ee 84 0 
Average, bluestone and washed ..... 96 0 
VELA MOmere AUMIeIG, = Cie Van erese se nee 115 3.5 
Average, no treatment, water soaked 100 5.0 
INOUE omy LGN aKe OW Glee ene pees oe 99 1.6 
AN CTARC, Nol LUNCICS COD there eat -noraree wae a nn: 104 nlaal 
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stand was obtained by dividing the number of plants per unit area for each 
treatment by the number of plants obtained from the seed soaked in water 
only. 


These tables bring out the following points: 


(1) For both early and late seeding, the thinnest stands were obtained 
from seed treated with copper sulfate. Washing seed treated with copper 
sulfate and formaldehyde increased the germination. For the late sowing 
there was no injury to the seed from the formaldehyde treatment. 


(2) The thickest stands were obtained from the dry, untreated seed. 
This was partly due to the fact that more seeds actually were sown, though 
the drill was set to sow one-half peck less to the acre than for seed treated 
or soaked in water. The treated and water-soaked seed was not sown for 
two days after treating and was fairly dry when sown. It had increased in 
volume, however. No determinations of the actual increase in volume 
were made, but from later determinations it is estimated that the treated 
seed probably increased about 25 percent in volume. 


(3) For both dates of sowing, the shallow seedings gave thickest 
stands. 


(4) There was less bunt in the crop grown from seed treated with 
bluestone. There was more bunt in the earlier sowing. In the late sowing, 
there was no bunt from formaldehyde- or bluestone-treated seed. There 
was some bunt present in the wheat sown late and not treated, but not so 
much as in the early-sown wheat which had not been treated. 


Results in 1917. In the fall of 1916, four plots of winter wheat treated 
with formaldehyde were sown in damp soil at the rate of 5, 6, and 7 pecks 
to the acre, and four plots of untreated seed were sown at the same rate on 
the same date. Careful stand notes were taken in the early spring of. the 
number of plants on each plot. The number of heads on each plot was 
determined just before harvest and the number of bundles on each plot 
was counted when the grain was cut with the binder. 


It will be noted from Table VII that there were practically twice as 
many plants to the acre on plots where the seed was not treated. A portion 
of this increase, however, was due to the fact that the untreated seed was 
sown dry and the rate of seeding, therefore, was thicker. Seed after being 
treated usually increases in volume from 20 to 30 percent. Allowing 30 
percent for increase in volume of the treated seed, there was still a decrease 
of 1834 percent in the number of plants to the acre on account of the treat- 
ment with formaldehyde. In other words, 18% percent of the seed was 
killed or at least did not emerge because of a ten-minute soak in a formal- 
dehyde solution of 1 pint to 45 gallons of water. Table VII also brings out 
the point that the number of heads per unit area from the treated and un- 
treated seed is not in proportion to the number of plants per unit area, 
the thin stands apparently tillering more. From the 8-peck rate, there 
were twice as many plants on plots where the seed received no treatment, 
but there were only 30 percent more heads and approximately 28 percent 


more bundles. 
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TABLE VII. YIELD AND OTHER DATA FOR TURKEY WINTER WHEAT 
SOWN ON DECEMBER 1, 1916, WITH SEED TREATED WITH FOR- 
MALDEHYDE, AND SEED NOT TREATED 


| Stand 
| | eis * | | 44 
. } » Sa) » | © ae % © 
Plot number | Rate in | = S S Bos Aa 5 
ee ee go 8 ao @ | sae oa 
age | gee age | Bas | O38 
eis nel fice Cue | 7, toon a 
1149W, treated “5 128 1190 | 1300 | 23 | 17.3 
1147W, not treated .__... 5 264 1216 I, Sete: | 33 | 20.0 
aoe yeetreaited, meses 6 192 1114 1460 27 20.3 
1147BH, not treated -...... 6 388 1292 1660 32 20.3 
TTSOW, treated 2. ff 200° 1046 1450 30 21.0 
1148W, not treated ._..... % 380 1276 1607 | 38 20.6 
UiBOI. treated 2.22 8 232 1114 1590 | 32 21.6 
1148KH, not treated -_..... 8 464 1452 1890 | 41 20.7% 


Results in 1918. A rather elaborate experiment was begun in the fall 
of 1917 at Moro and Corvallis, under the direction of Mr. C. W. Hunger- 
ford, to determine the effect of various seed treatments on securing stands 
of winter wheat and on controlling bunt. The counting of heads to 
determine the percentage of smut infection was done by Messrs. Hursh, 
Meier, and Bell. Mr. Bell also aided in making stand counts. 


Nineteen different seed treatments were used on heavily bunted seed 
of Turkey and White Winter wheats. In addition to these treatments, 
check plots were sown with smutted and unsmutted seed of each variety 
that had been water soaked. The plots at Moro consisted of five drill rows, 
8 rods long; and every fifth plot was a check plot. Turkey, C. I. 1558, 
threshed with the Station thresher, and White Winter, grown at Corvallis, 
were used in the experiment. 


Table VIII shows the stand and the percentage of bunt obtained on 
each plot. The figures in the column “percentage of stand” were obtained 
by dividing the number of plants per unit area on each plot by the average 
number of plants per unit area on all check plots of each variety. 


Table VIII brings out the following points: 


(1) Formaldehyde and copper sulfate so injured the seed that stands 
obtained were much thinner than where these fungicides were not used. 
In general, the weaker the solution of the fungicide, the better the stand. 


(2) Somewhat better bunt control was obtained from the use of for- 
maldehyde than from the use of bluestone. The 1 to 50 solution of for- 
maldehyde with a soak of ten minutes seemed to be as effective in con- 


trolling bunt as the stronger solutions of 1 to 40 and 1 to 20, or the longer 
periods of soaking. - 


(3) The Haskell method, besides showing some seed injury to the 
White Winter variety, did not control the smut in either the White Winter 
or Turkey varieties. This method consists of spraying the seed with a very 
strong formaldehyde solution and covering for varying lengths of time. It 
is not in general use and is not recommended for wheat. 


(4) The Cresol method neither injured the seed nor controlled the 
smut. 
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TABLE VII STAND, AND PERCENTAGE OF SMUT IN TURKEY AND 
WHITE WINTER WHEATS GIVEN VARIOUS TREATMENTS WITH 
FORMALDEHYDE, BLUESTONE, AND CRESOL, AT MORO, ORE- 


GON 
White Winter Turkey 
; ——s 

= = ee = 
Treatments Zea Ee fe EE 
a Ze ov Ze 
4s ee 2” hes 
ood Bas Pind Be 
Lo rf “9° res 

—_ = ~_ — 


Check 1, water soaked, clean 23 11 = 3.4 
1. Formaldehyde 1 to 20, soak 10 46 4 31 oe 
2. Formaldehyde, 1 to 40, soak 10 64 1 58 4 
3. Formaldehyde, 1 to 50, soak 10 minutes... 69 6 15 7 
Check 2, smutted seed, water soaked _|__ aS 96.0 ee 28.0 

. Formaldehyde, 1 to 40, soak 10 minutes, 
0 


covered 2 hours 
. Formaidehyde, 1 to 40, soak 30 minutes, 


; 8 
covered 24 hours _.. 65 3.0 43 0. 
5. Formaldehyde, 1 to 40, soak 10 minutes 
81 8.0 71 1 
6 
0 


OP STG CS CAG T Ug ee ent aoe reece et ar 73 6.0 65 uD 

CANOGA Sh ee ees ee OE I aah 24.0 aE ees 
7. Formaldehyde, 1 to #, soak 6) minute ; 

PENRO AIOE SS te oe ey ae 12 5.0 71 0.7 
%. Haskell formula, full strength, 1 pint to 50 

bushels, covered 5 hours _.....02.2--2 22.2... 53 73.0 93 16.0 
9. Haskell formula, half strength, 5 ; 

bushels, covered 5 hours —..........-----... 56 54.0 86 17.0 

Cie ee ee de ae Ss eS ae ae 88.0 a 22.0 
19. Haskell formula, half strength, 

bushels, covered 2 hours —:............--------- 71 67.0 81 12.4 
11. Haskell formula, half strength, 5 

bushels, covered’ 5 hours 222225. ne 59 58.0 $8 23.0 
12. Haskell formula, fifth strength, 1 pint to 50 

bushels, covered % hour —.. ----222002222- 47 24.0 95 LTD 

"he O07 2 by RSE SERS Seen bs ob ete, oi SLE) ead OO are 29.0 us 11:5 
13. Haskell formula, fifth strength, 1 pint to 50 

bushels, covered 2 hours —..._-......--------- $8 52.0 100 17.5 
14. Haskell forrnula, fifth strength, 1 pint to 50 

Husticis, covered 5 hours 0... 92 72.0 122 17.4 
15. Bluestone, 1 to 5+salt, rinsed clear water... 68 17.0 67 4.7 

Check 2 SS as 6.0 noe 25.0 
16. Bluestone, 1 to 51 5.0 42 0.0 
17. Bluestone, 1 to 75 17.0 75 a We | 
18. Cresol, 1 to 360 a 91 87.0 116 36.0 
TR ad leg ft 2a DT a ae oe ee ee ieee 107 86.0 97 21.0 


Average number plants, treated, 188; average number plants, not treated, 
74; average number heads, treated, 1116; average number of heads, not treated, 
309 ; average number bundles, treated, 28; average number bundles, not treated, 
36. 

Average vield, all rates treated, 20.1 bushels per acre; average yield, all rates 
not treated, 21.1 bushels per acre; average yield, five-peck rate, 18.6 bushels; 
average yield, six-peck rate, 20.3 bundles; average yield, seven-peck rate, 20.8 
bushels ; average yield, eight-peck rate, 22.6 bushels. 
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Results in 1919. In the fall of 1918 Turkey and Fortyfold wheats were 
sown in one-thirtieth-acre plots, each variety being given twenty-five dif- 
ferent treatments with formaldehyde and copper sulfate. Mr. J. C. Bell 
treated all seed and assisted in the sowing and taking of stand counts. 
Table 1X shows the percentage of stand as compared with check No. 2, 
the percentage of bunt based on head counts, and the acre yield in bushels 
obtained from each plot. 

The rate of sowing for the different treatments for each variety was 
ascertained by tying a small bag on the end of two drill tubes while drill- 
ing the whole length of the plot (380 feet). From the seed obtained from 
the two drill tubes, the actual number of pounds and kernels per acre was 
computed. This information is given in Table IX. 
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As is shown in Table IX, the average yield obtained from the three 
check plots, sown with clean, dry, untreated seed, was 27.5 bushels an acre 
from the Turkey variety, and 18 bushels an acre from the Fortyfold 
variety. The average yield obtained from all plots sown with formalde- 
hyde-treated seed was 22.3 bushels an acre from the Turkey variety and 
14.8 bushels an acre from the Fortyfold variety. The average yield from all 
plots sown with seed treated with bluestone was 24.3 bushels an acre from 
the Turkey variety and 15.1 bushels from Fortyfold. The average yield 
for both bluestone- and formaldehyde-treated seed was 23.3 for Turkey 
and 15.0 for Fortyfold. In,1919, therefore, there was a reduction in yield 
of more than 4 bushels an acre for Turkey wheat and of 3 bushels an acre 
for Fortyfold wheat because of seed treatment. The yield of the plots 
sown with smutted seed not treated, however, was only 20 bushels an acre 
for Turkey and 5.5 bushels an acre for Fortyfold, the latter variety con- 
taining 68.1 percent of smut as against 19 percent of smut for the Turkey 
variety. 

The results obtained from this test, as shown in Table IX, and the re- 
sults obtained in 1918, as shown by Table VIII, indicate that from 30 to 40 
percent of the seed is so injured by the regular formaldehyde treatment that 
the plants never emerge and 40 to 50 percent of the seed treated with the 
usually recommended bluestone formula never comes up. While this item 
alone is important, it does not tell the whole story. The seed treated with 
either formaldehyde or bluestone seems to be so reduced in vigor that it 
does not come up until four or five days later than seed sown with no 
treatment. This was true for the seed treatment plots sown in the fall of 
1917 and in the fall of 1918. Height measurements were taken on Novem- 
ber 19, 1918, on 100 plants on each of the check plots, with the following 
results. 

Average height in mms. of 


Treatment 100 plants 
Turkey Fortyfold 
(@\averelic: lie TaVay Ge elereyAsoKen evo QCU ONY sascmm sme eres cee aime muha coors 53.5 67.3 
Check 2, no treatment (wet) -............ 54.5 . 


Check 3, formaldehyde 1 to 40 


69 
51.5 58. 
Check 4, bluestone 1 to 5 Ba 
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The figures in the preceding tables do not adequately bring out the real 
difference in the appearance of the treated and untreated plots. Until 
quite late in the spring there was a marked difference in the appearance of 
the treated and untreated plots, the latter being much thicker and taller. 
Fig. 2 shows a general view of the seed-treatment plots in 1919. 

Woolman* found that practically all of the loss of germinative power 
caused by seed treatment with copper sulfate occurs in consequence of 
injury to the seed coat of the grain, received in threshing, and that seed 


Fig. 2. General view of seed-treatment plots in 1919 showing difference in 

stands obtained from various seed treatments for smut. 

Turkey Fortyfold Turkey Fortyfold 
Treated with bluestone, 1 lb. to 10 
gallons water, soaked 5 minutes. 

No treatment. 


threshed by hand was uninjured by ordinary treatment with that fungicide. 
Hurd} confirmed this conclusion and found also that an after-dip in milk 
of lime was a preventive of injury only to a partial extent depending upon 
the nature, extent, and location of the breaks in the seed coat. Seed-coat 
injury is also a factor affecting the germination loss from formaldehyde 
treatment but to a less extent. 

In order to determine whether farmers in threshing injure the seed as 
much as the Station thresher, three samples were obtained from the local 
warehouse of seed threshed by three different combines, two small outfits, 
and one large Harris combine. These, with two samples of Station seed, 
were given four different treatments, as outlined in Table X. Each lot 
was sown in duplicate two-rod rows with the Planet Junior drill, and a 
germination test made with 100 kernels of each lot. The germination test 
was made in a room where the temperature ranged from 30° to 
45° F. The results of this germination test are given in Table X. 


a or H. M. Stinking smut in wheat, Wash. State Exp. Sta. Bul. 
On DD. os 

yHurd, Dr. Annie May. Seed-coat injury and viability of seeds of wheat 
and barley as factors in susceptibility to moulds and fungicides. Jour. Agr. 
Research V. 21, No. 2, pp, 100-122, plates 13-23. 
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TABLE X. RESULTS: OF GERMINATION TEST BETWEEN BLOTTERS 
OF FIVE DIFERENT LOTS OF SEED OF TURKEY WHEAT, GIVEN 
VARIOUS SEED TREATMENTS AT MORO, OREGON 


j] Percent: ige of 
ger mination 


Treatment | | 14 


Se hb Sele 
io) fe v Oo 
| © El Al «a 
| 
. | % & % % 
Station seed— | 
1. Plump (62 pounds per bushel), water soaked 10 | 
UNIO TUNES eileen eect i ee ee PA ee 84 14 2 98 
2. Plump (62 pounds per bushel), bluestone soaked 5 
TTT CCS renee ote ek eee Ode tanya! |. Oe oe okt ae 16 22 62 38 
3. Plump (62 pounds per bushel), formaldehyde 1 to | 
AO ESODRCCwE OMIM INULCS ies eee et 38 50 12 88 
4. Plump (62 pounds per bushel), formaldehyde 1 to 
AQr=SOAked. ol Olan tO eee ey ee 42 40 18 82 
ale Shrunken (55 pounds), water soaked 10 minutes | 22 76 2 98 
2. Shrunken (55 pounds), bluestone soaked 5 minutes 0 22 78 22 
38. Shrunken (55 pounds), formaldehyde 1 to 20, 10 
LOGUE RRESS: ASG le Ey aE gece inn Se Ca Re Rea a 10 50 40 60 
4, Shrunken (55 pounds), formaldehyde 1 to 40, 10 
PN NUC Ca csee SO cl omen Sern PUR tern. Cie Mr ye SS tao 16 64 20 80 
Barnum’s seed; plump, small combine (62 pounds )— 
em VVicCOT Ee SOIC (pO) TMITUTES fo cee ec ete cece cetces cusp sentawecne 82 12 6 94 
2. Bluestone 1 to 5, Soaked 5 minutes ......--..-.-.-.-----.------ 10 30 60 40 
3. Formaldehyde 1 to 20, soaked 10 minutes ................ 40 42 18 82 
4. Formaldehyde 1 to 40, soaked 10 minutes —.............. | 60 28 12 88 
Torey’s seed; small combine (60 pounds)— 
Apacer SOaIcOG il OMIIUILOS 2 ee 28 ce eseececcnecuscaceenseet 1 90 10 0 100 
2. Bluestone 1 to 5, soaked 5 minutes _............. 14 44 42 58 
3. Formaldehyde 1 to 20, soaked 10 minutes _. no 48 52 0 100 
4. Formaldehyde 1 to 40, soaked 10 minutes ............... 62 38 0 100 
Powell’s seed; large combine (59 pounds)— 
1. Water soaked p ECON aU ALA DY eS be 5 oo ae er eo eee eae 92 6 | 2 98 
2. Bluestone 1 to 5, soaked 10 minutes........... | 22 | 32 | 46 54 
3. Formaldehyde 1 to 20, soaked 10 minutes _. 2 || 2 46 10 90 
4. Formaldehyde 1 to 40, soaked 10 minutes ................ 70 | ZOU aie ate | 98 


| 


It will be seen from Table X that considerable injury was done to all 
the seed, but that the shrunken seed was injured more than the plump 
seed. It is probable that a large percentage of the seed showing weak 
germination would never emerge under field conditions. 


Table XI gives the results of a test with Turkey, Kanred, and early 
Baart wheats threshed by hand and by machine. The Turkey wheat was 
threshed with the Station thresher and the Early Baart with a small 
combine. 

Table XI shows that much more injury occurred to the machine- 
threshed seed. The germination test was made in a room where freezing 
temperatures prevailed at night. 
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TABLE XI. PERCENTAGE OF GERMINATION OF MACHINE- AND HAND- 
THRESHED SEED OF TURKEY AND EARLY BAART WHBATS 
TREATED WITH FORMALDEHYDE, 1 TO 24, SOAKED FIVE MIN- 


UTES. 
ee Percentage of 
ie) 2 germination 

Warice Bye ies ee 

ariety D a a 

@ it ee & s | 3 Ss 

ore © iS 8 iS) 

| oss 16) S A a 
: oe ao % 
Atinelienye (Gostbuaayey, VaKOIe Wwe ERKOO! eee ee ee Machine| 48 42 10 90 
RE valdeny (Oolkbbastey)), AW Naor oes eae Sect eeenerereseee | Machine | 38 42 20 80 
Turkey (shrunken), not treated —............-......-.-:.. | Machine; 18 | 3 44 56 
“Mbodidenie KGSiabaenauiceral))in ale Aioye PACS ee ee eee en SsSe Machine| 12 26 62 38 
iemowecxol (Goilbbasloy yy, saleye (seven eel ops oe er eee Hand 94 6 0 100 
Lan red (pli) he ly eo) 24 oe ee ee ees oo eee | Hand 86 14 0 100 
Baar shrunken) Mot treated Jevt2.c.ceeeeee eee Hand 80 20 0 100 
TEGIEY ¢ ae Gry moo eo) 9 Te. Mt Wao er: ae eee Ne es Hand 68 30 2 98 
iene Clog qoaal Say), SOE IRSA Sooner cenees noes Machine} 28 46 26 74 
(BAST GSM PUNKeNM jens CO" 24k eco ee ee Machine 8 62 30 70 
ISyavenam CGarkbhaeyon ny, caoyie wee heh See ea een Hand | %2 26 2 98 
Isaarte Cpolanaw ye Vator eae 2 coos oe ees see eeneer eee Hand 56 28 16 84 


Results in 1921. In the fall of 1921, several tests were made to determine 
the effect on germination, both in the field and in the laboratory, of differ- 
ent wheat varieties given various seed treatments and sown in dry and 
damp soil. 

On September 26, Turkey winter wheat, which had been threshed with 
the Station thresher, was given five different treatments and sown in damp 
soil about 2% inches deep. On October 11, the percentage of germination 
was as follows: 


Percentage of 


germination 
ieehormaldehy den 44, (Soaked bn Te INU Sy xcseese neers nana eee cee eens taba eee ee 80 
2. Formaldehyde, 1:44, soaked 5 minutes, rinsed in clear water eee OO) 
Se olulestone, 1:5, rinsed in’ lime water, (=e ee ee a 66 
4. Bluestone, 1:10, rinsed in lime water . 93 
De Eluestone, Ls0; net: rinsed —.......... 18 
6. Dry seed, no treatment 


On September 30, twenty lots of seed including three varieties—Tur- 
key, Hybrid 128, and Blackhull—were given various treatments as indicated 
in Table XII. Each lot was germinated between blotters in the laboratory 
and also sown in duplicate series two inches deep in dry soil containing 
about 5 percent moisture. One series was watered ten days after plant- 
ing and the other twenty days after planting. The soil was placed in 
boxes outdoors, and temperatures considerably below freezing prevailed 
at several different times between date of planting and making final 
emergence counts. The results obtained are shown in Table XII. 

It will be observed from this table that the percentage of germination 
between blotters in the laboratory and in soil outdoors varied widely in 
many instances. The formaldehyde-treated seed gave better germination 
between blotters than in soil, especially when sown in dry soil and not 
watered for twenty days after planting. Compared with the formalde- 
hyde-treated seed, the bluestone-treated seed gave better germination 
when sown in dry soil. This was especially true of the seed that remained 
in dry soil twenty days before the addition of sufficient moisture to begin 
germination. Averaging all treatments, 16.5 percent more plants emerged 
from seed treated with bluestone in the first series and 40.5 percent more 
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in the second series than from seed treated with formaldehyde. As is 
shown in previous tables, the reverse usually occurs at Moro when the 
seed is sown in damp soil soon after treatment, formaldehyde-treated seed 
generally giving better stands of wheat. 

It will also be noted from Table XII that in every instance both in 
the laboratory and when planted outdoors in soil, the hand-threshed seed 
gave much better germination than machine-threshed seed, indicating, 
beyond question, that seed injury frequently is caused by the threshing 
machine. The Turkey wheat used in the experiment was obtained from 
a commercial sample threshed with a large combine. Seed of Hybrid 
128 and Blackhull was threshed by the Station thresher. In comparing 
the machine-threshed with the hand-threshed seed of Hybrid 128 and 
Blackhull, the average percentage of germination in Series 1 was 77 for 
the hand-threshed seed as against 40 for machine-threshed seed. In Series 
2, the average percentage of germination of these varieties for hand- 
threshed seed was 68 and for machine-threshed seed, 35. 


As is indicated in Table XII, some of the seed was thoroughly dried 
before sowing and some was sown in the dry soil immediately after treat- 
ment or when the seed was damp. The results shown in the table do not 
indicate any special advantage or disadvantage in sowing dry or damp 
seed in dry soil. The soil used in this experiment was probably drier 
than it ordinarily would be under usual field conditions. Dry seed is 
probably to be preferred in farm practice when seed is sown in soil so dry 
that prompt germination is not likely to occur. 


Table XII also shows the effect of seed treatment in delaying germina- 
tion. In most instances, the untreated seed emerged sooner than the 
treated seed. In Series 1, sown in dry soil and watered ten days after- 
wards, the untreated seed and the formaldehyde-treated seed emerged in 
most instances sooner than the bluestone-treated seed. 

Rinsing the formaldehyde-treated seed in clear water significantly 
increased the percentage of germination. Rinsing after treatment was 
much more effective in reducing seed injury than soaking the seed before 
treatment, as advocated by Braun.* 


On November 26, seed of Turkey, Hybrid 128, Hybrid 123 and Triplet 
were given various treatments with bluestone and formaldehyde, as in- 
dicated in Table XIII. The seed was germinated in the laboratory 
between blotters and sown in damp soil outdoors. The results obtained 
are shown in Table XIII. In this test again there was a significant 
difference in the germination of seed threshed by hand and that threshed 
with a machine. In the use of a solution of formaldehyde as strong as 
1 lb. to 20 gallons, it will be noted that considerable injury was done to 
the seed. This injury, however, was to a considerable extent overcome 
by rinsing the seed after treatment. The clear water, however, was some- 
what more effective in reducing injury than the lime water. In several 
additional tests carried on at Corvallis and Moro with the formaldehyde- 
treated seed rinsed in clear water and in lime water, the results showed 
that clear water was just as efficient in reducing injury as the lime water. 


*Braun, Harry. Presoak method of seed treatment. Journal of Agricultural 
Research, Vol. XIX, p. 368. 
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TABLE XIII. PERCENTAGE OF GERMINATION BETWEEN BLOT- 
TERS AND IN SOIL OF FOUR WINTER WHEAT VARIETIES, MACHINE- 
AND HAND-THRESHED, AND TREATED FOR SMUT WITH FORMALDE- 
HYDE AND BLUESTONE. 


| Germina- 


3 ere 

| Germination be- | . 

| tween blotters | ee Gs 
Treatment | dq 
bo | | a a 
i=] 4 3 ~ SN 
Cua isv4 eo | ma al 
& ke o a “I 
eA i n | 5 (a) cl rat 
% | © | oh titel) Le 
1. Turkey, form. 1 to 20, rinsed clear water,........... | 94 | 5 1 | ae 42 
2. Turkey, form. 1 to 20, rinsed lime water. | 52 30 18 | 12 48 
3. Turkey, not treated, dry SCCd shea = 76 22 2 6 46 
4. Turkey, hand-threshed, siopmaal, UL Wey PAN ee : 50 50 0 38 73 
5. Turkey, hand-threshed, CuSQ,, 1 to 5, limed_____ 90 | 10 0 55 67 
6. Turkey, machine-threshed, form. 1 to 20.......... Saas 4 | 3 17 
7. Turkey, machine-threshed, CuSO,, 1 to 20, limed 40 | 52 8 | 14 26 
8. Hybrid 128, hand-threshed, form. 1 to 20... | 84 16 (ale 16 
9. Hybrid 128, hand-threshed, CuS0O,, 1 to 5, limed 94 6 0 17 33 
10. Hybrid 128, machine-threshed, form. 1 to 20... 34 ALS i ak 3 5 9 
11. Hybrid 128, mach-threshed, CuSo,, 1 to 5, limed| 22 74 4 | 9 16 
12. Hybrid 123, hand-threshed, form. 1 to 20............ | 98 2 Oe 29 
13. Hybrid 123, hand- threshed, CuSO,, 1 to 5, limed| 94 6 0 Sn || ae 
14. Hybrid 123, machine-threshed, form. 1 to 20... 66 26 8 4 5 
15. Hybrid 123, mach-threshed, CuSO;, 1 to 5, limed| 60 Beye i] tr i 8 13 
16. Triplet, hand-threshed, form. 1 to 20................... | | ake 2 16 53 
17. Triplet, hand-threshed, CuSO,;, 1 to 5, limed........ 90 10 0 34 53 
18. Triplet, machine-threshed, form. 1 to 20............ 74 | 26 0 | 16 33 
19. Triplet, machine-threshed, CuSQO,, 1 to 5, limed 50 | 40 10 | 3 23 
‘ \ 


@On account of cold weather, complete emergence had not taken place. 


WHY SEED IS INJURED BY TREATMENT WITH FUNGICIDES 


The failure of seed to germinate after treatment with formaldehyde ap- 
pears to depend largely on the length of time intervening between treatment 
and planting, and upon the conditions under which it is kept or stored. In 
the case of immediate planting, the degree of soil moisture is also an im- 
portant factor. 


Without doubt the factor of greatest importance in causing loss of seed 
in treating is the injury sustained by the seed coat in threshing. As has 
been stated, this factor is of more importance in treatment with bluestone 
than with formaldehyde. The nature of this injury to the seed coat is 
clearly shown in Fig. 3, A and B. The apparent difference in size between 
the uninjured hand-threshed seed and the machine-threshed is due to the 
fact that the first was untreated while the second had been treated by 
various methods. It will be noted that there is some difference in the 
character of the injury in the soft, plump-kerneled White Winter wheat 
grown at Corvallis and the hard, shrunken, long-kerneled Turkey wheat 
grown at Moro, in that the injury to the latter is more nearly confined to 
the seed coat over the germ. It is probable that some varieties are more 
easily injured than others, but this has not been definitely proved. It is, 
however, true beyond doubt that grain threshed under very dry conditions 
is injured more than when the grain is slightly moist or the atmosphere 
humid. 


20 


Fig 3. Threshing injury. A. .Turkey Red from Moro. B. White Winter 
from Corvallis. Hand-threshed on left. Machine-threshed on right. 
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Falke* found that wheat produced in a dry year was injured more in 
treating with bluestone than that produced in an ordinary year. He be- 
lieved that this held good even if the seed coat was unbroken, but the data 
he presents do not prove this contention. 


Fig. 4. Hand- and machine-threshed seed, treated with copper sulfate 1 


pound to 5 gallons. Explanation in text. 


*Falke, Fr. 1905. Beobachtungen uber den Winfiuss der Saatgutbeize auf 
die Keimfahigkeit des Getreides in trockenen Jahren (1904.) Observations 
concerning the influence of seed treatment upon the germinative power of cereals 
in dry years. In Illus. Landw. Ztg., Jahrg, 25 No. 53, p. 479-480, 1905. 
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Certain interesting facts concerning treatment injury to hand- and 
machine-threshed seed are shown in Fig. 4. A shows 25 grains of Forty- 
fold wheat selected at random from a lot of hand-threshed seed that had 
been treated for five minutes with a bluestone solution of 1 pound to 
5 gallons of water germinated between moist blotting paper; B shows the 
same except that it was machine-threshed. C shows pot cultures of the 
same seed lots with the same solution as A and B for varying lengths of 


Fig. 5. A, Hand-threshed, no treatment. 


C, Hand-threshed, treated in 1 to 40 formaldehyde 30 minutes. 
threshed, same treatment as C. 


B. Machine-threshed, no treatment. 
D. Machine- 
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time. Upper row was machine-threshed, lower row hand-threshed. Count- 
ing from the left, the second lower pot was planted with 25 grains of the 
same lot as 4. Second upper from same lot as B. Judging from B, one 
would suppose that 80 percent of the grains were dead, but when planted 
_in soil they gave nearly 80 percent of plants. This is unquestionably due 
to the action of certain chemical substances in the soil that counteract the 
toxic effects of the bluestone on the grain. 


The length of treatment in the pot series is, left to right: 1, no treat- 
ment; 2, 5 min.; 3, 10 min.; 4, 30 min.; 5, 1 hour; 6, 5 hours; 7, 10 hours. 

In Fig. 5, A is hand-threshed, no treatment; B, machine-threshed, no 
treatment; C, hand-threshed, 30 minutes in formaldehyde, 1 pint to 40 
gallons; and D, machine-threshed, same treatment as C. 


A and B show that there is some loss and delayed growth in untreated 
seed due to threshing injury. Several of the grains shown in B would 
never have emerged if planted under ordinary field conditions. In Fig. 
5, C and D show to some extent the nature of formaldehyde injury. For 
this short treatment (30 minutes) but little difference between hand- and 
machine-threshed seed is apparent. One action of formaldehyde on all 
wheat is the hardening of the seed coat which makes it difficult for the 
plumule to break through, causing it sometimes to break out at the brush 
end of the seed. It also causes crooked and distorted plumules which 
never reach the surface. This explains why blotter germination tests 
do not fully indicate the actual damage done by formaldehyde. The op- 
posite is true in the case of copper-sulfate treatment, where the stand in 
the field is generally better than blotter tests indicate. Delayed germina- 
tion in formaldehyde-treated grain is clearly shown in the figures, as all 
blotter germinations shown in Figs. 3 and 4 are of the same age. 


Considerable light is thrown on the reasons why chemical treatment 
is injurious to the vitality of the seed, at least in so far as formaldehyde 
is concerned, by the studies carried on in 1919, 1920 and 1921 by Dr. 
W. M. Atwood, Plant Physiologist of the Oregon Agricultural College 
Experiment Station. In the course of work now ready for publication 
he found: (1) that formaldehyde is able slowly to penetrate the seed coats 
in aqueous solution, the coats acting as a partly permeable membrane to 
formaldehyde; (2) that it lowers diastatic enzyme activity; (3) that it 
checks the respiratory activity of the seed; and (4) that it reduces the 
catalase content of the seed in proportion to the concentration of the 
formaldehyde solution used. 


These effects all retard important normal functions involved in healthy 
seed germination, although the actual results are not severe in the case 
of uninjured seed where the standard dilution of formaldehyde is used 
and germination is started promptly. 


Breaks in the seed coat promote another class of losses not necessarily 
related to treatment, in that they facilitate the attack of molds and other soil 
fungi which rob the young plant of the food supply stored in the seed, 
and upon which it is dependent until it emerges from the soil. The re- 
lation of seed treatment to this trouble has not been fully investigated. 
According to Hurd* treatment with copper sulfate under some circum- 
stances delays the attack ot these fungi, but formaldehyde treatment is 


* Hurd, Dr. Annie May. Seed-coat injury, ete. Jour. of Agr. Research, Vol. 
SOC INOM 2 yn DD. 99-122. 
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likely to promote the attack. German investigators have expressed the 
same opinion. 


During 1918, 1919, and 1920, an extensive series of tests to determine 
the relative merits of various seed treatments for the prevention of bunt 
in relation to loss of germinative power were carried out at Corvallis by 
Miss Jessie P. Rose, for the Office of Cereal Investigation, in cooperation 
with the Oregon Experiment Station. Many hundreds of individual tests 
were made, involving a record of the germination of half a million wheat 
kernels of eighteen varieties, laboratory, greenhouse, and field. It is to 
be hoped that the results of this work will soon be published in full. In 
the meantime, certain important conclusions will be stated here. 


Of the treatments experimented with, thirteen involved the use of 
copper sulfate (bluestone), thirty formaldehyde, three hot water, three 
calcium hypochlorite, and several mercuric chloride (corrosive sublimate). 
Of all those tested, the two following gave the best results in percentage 
of seedlings obtained and in total yield of wheat: (1) Dip (ten minutes) 
in a solution of one pound of copper sulfate to five gallons of water; drain 
fifteen minutes, and then dip five minutes in milk of lime, one pound of lime 
to ten gallons of water. (2) Three-minute dip in a solution of one pint 
of 37 percent commercial formaldehyde to three hundred twenty pints 
(forty gallons) of water; then cover for four hours. 


Turkey wheat when treated by the first, or bluestone-lime method, 
gave an average increase of 18 percent of plants and 10 percent in yield of 
wheat over that obtained when the second or formaldehyde method, was 
used. Other varieties gave similar results. 


Miss Rose’s conclusions regarding the relation of threshing injury to 
treatment loss is in agreement with those of other investigators. For ex- 
ample, in one of her tests hand-threshed Turkey Red gave not only better 
germination, but also 59 percent greater yield of grain than machine- 
threshed seed. In Marquis there was a 16-percent gain. 


Miss Rose found that uninjured wheat when treated by the bluestone- 
lime method and thoroughly dried, could be stored for two years with but 
little loss of germination power, and that the addition of salt to bluestone 
solutions somewhat increased the loss, the degree of injury being 
proportionate to the amount of salt used. 

The general results of Miss Rose’s experiments, as well as those of 
C. W. Hungerford assisted in part by J. T. Bregger, at Corvallis, confirm 
the general conclusions arrived at from the Moro experiments, although 
under the soil and climatic conditions of the Willamette Valley the extent 
of injury was not always as great as at Moro. 


CONCLUSIONS DRAWN FROM EXPERIMENTS HEREIN DES- 
CRIBED, AND THOSE OF OTHER INVESTIGATORS. 


All investigators are practically agreed on the following points in re- 
gard to treatment of wheat with formaldehyde solutions: 


(1) If the time of immersion and subsequent covering does not exceed 
four hours and the seed is sown soon after treatment, or while the seed 
is moist, in soil with enough moisture to cause immediate germination 
and uninterrupted growth, but little injury results. 


(2) Sowing damp seed in dry soil is not advisable. 
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(3) Treated seed kept damp will not suffer further injury for several 
days, unless it heats or is attacked by molds. It is believed by some that 
the treated seed can be dried at comparatively high temperatures in atmos- 
phere of the right humidity, and then stored dry for an indefinite time 
without greater loss than would have been sustained if it had been sown 
damp. The results of drying and storing formaldehyde-treated seed are, 
however, so dependent on atmospheric conditions and temperature and re- 
quire such expert care that it is a hazardous process at best, and should be 


avoided when possible, unless the seed is washed in water immediately after 
the covering period. 


Probably all persons who have used formaldehyde have observed a 
white, flocculent precipitate which forms in,a bottle that has been standing 
for some time, and which readily dissolves when the liquid is warmed. 
This is known as paraformaldehyde, a very poisonous substance. Work- 
ing in California, Hurd* found that the formation of this substance on 
the surface of formaldehyde-treated seed when it was dried after treatment 
was the cause of a larger part of the seed loss in dry storage. She proved 
by experiment that washing in water before drying prevented the form- 
ation of this injurious substance and removed the danger of after-treatment 
injury. It should be noted, however, that a certain amount of injury 
takes place during the treatment that no subsequent bath will obviate. 
Experiments at Corvallis and at Moro in the fall of 1921 show that a 
pure-water wash after formaldehyde was equally as effective in reducing 
seed injury as a wash in lime water. 


It has been found that in farm practice too little attention is ordinarily 
paid to the strength of the bluestone solution used in treating seed. 
Soaking seed for five minutes in a solution of 1 lb. of bluestone to 5 to 
10 gallons of water will ordinarily control bunt except in cases of bunt- 
infested soil. To Jessen seed injury, an after-dip in lime water of the 
strength of 1 lb. of ordinary slaked lime to 10 gallons of water is always 
advisable. 


The bluestone treatment is always to be preferred if the seed is to be 
stored for any length of time before sowing or if the seed is to be sown 
in dry ground. 


For controlling bunt, a solution of formaldehyde stronger than 1 pint 
of commercial formaldehyde to 40 gallons of water is not necessary. 
One pint to 45 gallons with a five-minute soak has been found in farm 
practice to control stinking smut effectively where the soil is not contam- 
inated with smut spores. 


Treating seeds with bluestone or copper sulfate is a safer farm practice 
when the seed is sown in ground with insufficient moisture to start 
germination immediately, and maintain continuous growth. 


The addition of common salt to a bluestone solution appears to increase 
its fungicidal properties but also causes slightly more seed injury. In 
most localities in Oregon, addition of salt is not necessary to control bunt. 


During the past 30 years, chemists and other investigators have spent 
many days in the quest of a fungicide that would be efficient against the 


* Hurd, Dr. Annie May. Injury to seed_ wheat resulting from drying after 
disinfection with formaldehyde. Jour. Agr. Research, Vol. 20, No. 3, pp. 209-244, 
plates 36-41. 
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smuts and at the same time non-injurious to the seed. None has yet been 
found that meets both these conditions perfectly, unless the new method, 
now under trial, of treating with dry, powdered copper carbonate should 
prove to be the long-sought method. Darnell-Smith* after three years of 
trial in Australia reported the copper-carbonate treatment non-injurious 
to the seed and effectual against bunt. Professor W. W. Mackie of the 
University of California has made many trials and is favorably impressed 
with its results. Experimental work with this fungicide in Oregon is in 
progress and sufficient data are now available to prove that the copper- 
carbonate treatment causes little, if any, injury to the seed. In a field test 
near Corvallis seed treated by this method produced a stand fully equal 
to the untreated seed. Another season’s results will be required to deter- 
mine definitely whether this treatment will effectively control bunt under 
conditions prevailing in Oregon. 


Il, BUNT-RESISTANT WHEAT VARIETIES 


Varieties of wheat vary greatly in their susceptibility to stinking smut. 
Some varieties are exceedingly resistant, while others are very susceptible 
to this disease. Of the commercial varieties of wheat now grown in Ore- 
gon, not one is sufficiently resistant to the disease to permit treatment of 
the seed to be dispensed with. If there can be developed high-yielding 
varieties sufficiently resistant to stinking smut so that untreated seed could 
be sown with an assurance of a comparatively smut-free crop, it would 
result in the saving of hundreds of thousands of dollars annually to the 
farmers of the State. 


Of the wheat varieties grown commercially in Oregon, those of the 
Crimean group, such as Turkey, Kharkov, and Kanred, are the most smut- 
resistant, though none of these is sufficiently resistant to be safely sown 
without seed treatment. 


In 1917 preliminary work in cooperation with the Office of Cereal 
Investigations of the United States Department of Agriculture was started 
at the Sherman County Branch Experiment Station and at Corvallis to 
determine the comparative smut resistance of wheat varieties. During the 
year 1917, Mr. F. J. Schneiderhan was in direct charge of the cereal 
breeding work at Moro. 


In the fall of that year thirteen varieties of wheat were sown at Moro 
and Corvallis under the direction of Mr. C. W. Hungerford. At Corvallis 
the plantings were in plots of four one-rod rows replicated three times. 
Both soil and seed were artificially and heavily infested with spores of 7. 
tritici. At Moro only one one-rod row was planted in infested soil and 
three one-rod rows with the seed only infested. 


The results are given in Table XV. 


In the fall of 1918 this work was elaborated on a rather large scale. 
All of the commercial wheats of the United States, assembled by Messrs. 
Ball and Clark and grown in the classification nursery at Moro, were sown 
in rod rows with heavily smutted seed. In this trial were 455 varieties or 
pure-line selections. These varieties were also all sown with smutted seed 
in the autumn of 1919. Two years’ data, therefore, are available on the 
comparative smut resistance of all the commercial wheat varieties of the 


* Darnell-Smith. A dry method of treating seed wheat for bunt. Agr. Gaz. 
N. S. Wales V. 30, part 10, pp. 685-692. 
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TABLE XV. RESULTS OF VARIETY TESTS FOR BUNT RESISTANCE IN 
PERCENTAGE OF BUNTED HEADS FOR THE SEASON OF 1917-18 
AT CORVALLIS AND MORO, OREGON. 


. Corvallis 7 Moro. a eS 


o 

ai | oo 

Variety Soil and | Soil and | Seed z 

seed in- | seed in- | only in- | i 

| fested fested fested <4 

% G % % 
LEN CORON sn ria sae on ae rer Oe ea 79 74 79 tls 
LOIS Vere a | 84 75 70 76.3 
LEO WRUNG ROK EWS. art ohne ee oe om a til 88.5 70 76.5 
Golden Gross) -.2...2.<:-2: pie 62 76 64 67.3 
Jones Fife _... eet : = veal | 87 61 73.0 
Hanne y ess Se IP | 84 80 78.7 
ML CLS nC UU) ee coe e seee es te 81 80 72 elup 
Queen Wilhilmina 67 66 61 64.7 
Ped RUSSIAN 252. ee 387 | 72 | 68 59.0 
ARS 12 ON @ ee See ene eee 6.3 6 1.6 2.8 
Purkey, ©. J.1558 ... : ae, 47 18 uy | 218 
1? eta og gy Ge! by. 62 74 | 54 63.3 
78.8 


SVN AEUUC MVNO TE COU sf ccniai yan ezet os seveccecnceeaes ie. peter | 79.5 83 | 74 


United States. There were also sown in the fall of 1918, 134 two-rod rows 
of pure-line selections from Crimean wheats that had been previously 
made by Mr. Schneiderhan at the Branch Station at Moro and were being 
tested for yield. Many of these selections had been grown for several 
years without seed treatment and contained no smut. It was thought, 
therefore, that some of them might prove to be more resistant to this 
disease than the common Crimean varieties. 


In the spring of 1919, the commercial wheat varieties of Australia, com- 
prising 85 varieties, and the commercial wheats of India, comprising 120 
varieties, were sown in two-rod rows with artificially smutted seed. These 
wheats had previously been obtained by the United States Department of 
Agriculture from these countries for experimental purposes. 


In Table XVI are listed most of the common wheat varieties grown 
in the Northwest and other commercial wheat varieties of the United 
States which contained the least smut in the 1919 and 1920 crops. The 
percentage of smut in each variety is based on the number of smutted 
heads in comparison with the total number of heads in a rod row. A com- 
plete list of the varieties tested for smut is not included in this bulletin. 
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TABLE XVI. 


LIST OF WINTER WHEAT VARIETIES GROWN AT MORO, 


OREGON, IN 1919 AND 1920, FROM ARTIFICIALLY INFESTED 
SEED, SHOWING PERCENTAGE OF SMUT INFECTION IN RE- 
SULTING PLANTS 
| Percentage of smutted 
| toy mc plants in 
3 | | o 
Variety a | | a 
. Oo ow 
a | ee a 5 
6) & | 4 < 
| 
ie % % % 
Martin (Martin Amber) -:.... 5 oe ee eee 4463 00 00 00 
Martin «(Martin Amber) 2.2.2... 4636 90 | 77 83 
Prohibition _.. 4068 96 97 96 
BVI Gaba) reese cette sect on tant eee ven 4684 34 81 | 51 
White Winter _. 5219 15 93 84 
BV RiGee VW UG Ink orca eee eee eres 5224 | 39 94 66 
Challenge (Webb Challenge White) . 4683 2 75 } 56 
Challenge (Webb Challenge White) .. 4684-B | 15 91 | 53 
Challenge (Webb Challenge White) . 5227-B 87 87 87 
DYE fob aly atin pee Sn rhe eee ER. ene aer a suatee Fe 4362 42 84 63 
Eaton 4682 96 82 89 
Eaton 5219-B 24 90 ay ( 
Defiance 4347 97 83 90 
Defiance 4354 | 71 io) a 
TB XEN BER OGY Sorree in Ahem Seine MER M e earns SB are nie A 4764 65 @ Bsn 
TROOR EG >} adage ance nat gem oe eee eon ens cher aoe 5866 96 91 93 
ECT gee es Se ea tnt ee 2 ee een 5867 96 68 | 82 
REO LID sary eae Ree cares RSE Tey SA CU a I 5868 58 91 74 
Gypsum (Colorado Special) ..........-26..- 4761 veal @ eit 
Gypsum. (Colorado Special)” 2 4762 78 91 84 
Gypsum (Colorado Special) mse ee ee 4928 5 90 52 
IRA CLA CABIMCS CCTs oe Rie anes ee eee 4067 28 94 61 
eACITC STU CSEGRI YG ene seth Hien ae ree 4606 52 65 58 
Pacific Bluestem (White appa ee wee 3019 52 46 49 
YAMA ni ered BS fee) ee Se ON ee rs he ee teen 5230 94 81 87 
NaWanhiy, Aa ihe Kol ee a ee ee ee eee 5231 80 65 72 
Navi aul owed Bete W ol ¢ jrestnees epee ernest Bie ee era ta R 5267 85 92 88 
BTC NN hee es Pe en es Cte aoe ree ee 3663 75 @ = 
ND GROW ees te ea oe Oe en tt ete oo 5285 99 @ 
1 Wa Fel Vo, Oe ee Rar iri ood EE et Gece okt omy Wc Ae 5898 4 @ 
Suppnises (California: Gem) (ee see 2986 85 2) = 
Surprise: (Californian (Genmaiyiy sae ee 4248 76 @ ae 
SurprisesC@w ite Russian) acs. eereee rere 5277 y(l @ a 
LE OS ete ete ns Pe ON ne ee eens 4990 69 50 59 
White Fife _. 4412 53 34 43 
VAC eS BECLT Cee ene eros eee ee ee 4955 35 50 42 
Regenerated Defiance .......................- 3703 50 @ = 
Regenerated Defiance ....................... 4763 50 (0) ae 
Regenerated Defiance........................ 5265 ae) 81 67 
HAO LEN OU Se eee et ee et eee eee 3275 78 76 OG 
ORC OUSC scree tea eee ae ee ere 5875 95 84 89 
Red Russian _...... 4509 83 90 86 
UGG ae rVUSSiamey es 4681 83 80 81 
ARGO GRY SRI eee Oh os ak la oe NP le 5189 95 94 94 
PESETT NC ee ee eee eee ee 5192 55 90 72 
LEGA TRON A Se nies see Nee, Soe eer nee ay Me 5195 80 81 80 
PLUS CG rareeeternacsnse te eee fee aren ee 5208 60 70 65 
ETUStOM eee 5209 Hal 183 72 
IVESUT.C] VUES ieee or ew cae cay etree oe. See 3641 3 40 36 
IVIL AITS Cy UD ae cece ag ns re I hom ee 5954 75 45 60 
EVE6 eee came ee 2 ee Se ee a eee 5294 67 38 50 
TESCOY KOO. cae ee ee Seer eenrceeee ne eee ae 2997 60 75 67 
EESSOE © Cl Eee eee eee, Cen 4337 0.3 25 12 
ESOL OC Greer ne ee eer ees 4339 00 eu S 
WVSIEe RS @GeSS ameter se. Seo: Ao ees 4480 78 66 T2 
VALapt esd Ov S Eh ees nee eee ees en enema a 4651 1 00 0.5 
White Odessa 4655 4 0.7 2 
SENOS Yate eaters ee epee ee eats eee ct etce i ocudenect Genome 5242 83 94 88 
W PACOD RSG Se ae sree See Re ESS Se nee ee niet ee Ay 5246 fit 80 19 
Foisy (Oregon Goldenchaff) ..........00020.0..... 5283 82 60 75 
Arcadian Charly Arcadian): 202 8390 97 70 83 


@wWinter killed. 
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TABLE XVI.—(Continued ) 


s 


Percentage of smutted 


plants in 
Variet 2 ' 
“4 Z S ° g 
= & | a ¢ 
: q | | ) 
ie) a 
ra ae 3 a 
Arcadian (Barly Arcadian fe 1g Z 
Arcadian (Harly Ree ae a. Ba71 33 | v0 
Goldcoin (Fortyfold) _...... 2996 37 70 79 
Goldcoin (Fortyfold) 4230 80 66 10 
Goldcommcnorty fold) mnie ennai ses ets Wie 4500 39 a iM 
Main. ChedBMAlen) e.g 5407 11 oe 
Sderot te LR ee 4609 30 8 a 
Isigidel GSeenatorh — tess yaeele ane ele 4 f ® re 
Hard Federation ...-..ccsseececeeesccnct 4980 | 62 50 56 
AT aa eee 3003 93 94 93 
(SSIES cop le ee eC tae 26 a o 
ASTER OOKOS, “ALS eis 0 pegs RRP Be Mii coud bs nes as 4608 8 76 42 
Priplet. <..2..-.- 5408 91 $0 SE 
Jones Fife 4468 oe ie b4 
One smite ss aes ee 5236 78 66 a 
Jones Fife (Crail Fife) 4162 84 91 ae 
Jones Fife (Super) -......... 5544 75 86 at 
Gal alO sense sae 2398 49 56 3 
Galgalos .... ; } ae 
Sonora 3036 36 s = 
Sonora 4293 | og 8 = 
SS OTLOs a mee te eee eee eee 4501 52 @ 
Baart (Early Baart) 1697 32 100 66 
Baart (Early Baart) 4206 18 TS: 45 
SEVCITOK Se hae ees eee 3 2 
1 23.46 23 45 34 
bee fol 2 Bo yea ea 2945 27 45 38 
Hussar (Red 4843 00 00 =| ~~ 00 
TERORON? Doe nee eee 1442 5 06 2 
Turkey ...... 1558 9 “08 4 
Reins ems ee 1543 25 30) en 27 
Beloglina —... oe 1667 13 20 16 
BX) OPTI ee” lhe SE Re oe ee eee eye 2239 90 60 75 
anred. : ( 
Prelude 3393 He ‘ : 
paces 32 2; @) 
Hybrid 60 5024 39 99 95 
Hybrid 128 4299 82 98 87 
Hybrid 128 4257 29 94 61 
Hybrid 128 4512 88 95 91 
7 ke, cee Od Ei 0 eee See eer ane ee eee Sane nor eer 4066 50 90 70 
LS AUN Gal EY a, ee = eee a A 4225 73 100 86 
Little Club - Bae 5897 78 87 82 
Big eres 25 ee ee eee ne 4209 63 96 79 
se CONG YO tae eres a eer eras ere 4257 44 50 4 
Se (Salt Lake Club) .... 3018 50 @ ae 
Sal og | oe Rea ea ee ae 4157 95 95 E 
iEryDrid 63) 2-22 4252 78 100 39 
Hybrid Gd pe. Seen ae 4510 90 5 92 
Hybrid 148 ... Bes 4160 95 100 OF 
iS 4 oh 3 (6 lan UY. is ee es ae SSeS 4513 87 96 91 
TEE Gye! G teh We Se ee ose ee ee Peer 5255 94 90 92 
WViASTIMetOM INO. 3) 2.scccecc-sedeeeeeaeee 4239 3 16 9 
WED SINIIVE LON MINIO. MO. 2. occc-sasee neers 4669 13 | 20 16 
Eiyria. 108 os]. .2.-:-.-- 5025 82 | 66 74 
Piviride tomes ss. ce 4511 91 60 75 
asa G0 epee eee 5177 46 | @) eo 
car i ss eee 5261 85 ®@ 
enlzin’ 2... 5903 51 | @ 
Redchaff 4241 60 @ 
Peet 4243 58 @ 
edchaff -..- 4250 | 41 @ 
Bluechaft _... 5178 sso i ew . 
Teaki (el nehec Bp aeerne aie ere err ae 5256 23 | 99 61 
[SIRE NR SES beeen pee pester ee eee Er er 5257 42 | 96 69 
Dale (Dale Gloria) .... 4155 51 @ Se 
Dale (Dale Gloria) ...- 4255 | 54 | @ 
Dale (Dale Gloria) 5902-A | 68 | @ ees 
CODD CL ee eee 3088 75 | 60 67 
Coppei ..... 4238 | 73 | 50 61 
MAY VIGW ------2ncc2--ccoe-neerenenceccnecerennunndaceenenacasec=> 5874 74 ® ste 
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The Pure-Line Crimean Wheats. Of the pure-line Crimean wheats, 
the varieties listed in Table XVII were the ones that showed least smut 
infection. The percentage of smut is based on the number of smutted 
heads compared with the total number of heads in a two-rod row. The 
total number of heads in each row varied from 420 to 1175. 

TABLE XVII. PURE-LINE SELECTIONS FROM CRIMEAN WHEATS 


GROWN AT MORO, OREGON, IN 1919 SHOWING PERCENTAGE OF 
SMUT IN PLANTS FROM ARTIFICIALLY INFESTED SEED. 


\" © Powe: and 


ae A | Percent 
Original name selection 
uestt designation | smut 
IMIS hee Se See ee tes Bee iene eee BONIS ae ee eee SEAT Sas | P-704@ 7.0 
IES erry penetra ce See ee ek ye geen aie coe tones eee ae 1442-B | 3.2 
Seer ts te ae 1532 | 2.3 
DROW CENE GEAR TS Te I oo ce ete ee ee re ee Sees Se en 1558—A 2.8 
i BE hh 5b Oe A NEN ORT ae Re SEE RNP EAE | TN Sat eRe meres Cm oe. PEE | 1558—3-09 9.6 
NUNES CIETY oll OV) of yet ee Re oe oe A ee ae eS ee oe 1563-2 5.2 
EXONS) Ob Des en eel ae De Dey Ae Se sie le ee eee oe pes 1565-1 2.8 
ARID G lenge hs Ey kes a meg Mn eh Uh ed ane eR ay 1571-—C ~ 6.5 
Gaye) oan evens hee mace te eee ONO RLIR Me Ce One eres ne es SE 1580-11 (As 
Slatin) ce ar SOR ae Dee ME tN a8 CO ae are Be: | APB ils 5.9 
NON CAVD TDN Cay sees sare seeks Beason eae eens Fee 6 Ree seer eee 2191-1 5.5 
RR ees. eo 2576-A 3.6 
IRVetti Me ones = 2578-1 0.54 
Mediterranean = 2903-5 2.3 
DI OIAIEG Tees Pee 2 ho sor enie etone e ed 2908-—A 1.8 
PETC Yan greene eee cece ee ee ON 0, Soe ree aero 380556-A 1.0 
2h oc R ee OEE PE RN ee Eee: Rt «NEY RA AIR SE Beck ORY a 44 3 3.6 


@ Pedigree number of the Botany department of the Kansas Agricultural 
Experiment Station. 


Australian and Indian Wheat Varieties. Of the 85 Australian wheat 
varieties, the following contained the least smut: 


a. ae 
2 

Variety .& Ope} 
a 5 a g 

. o) 
Speman 
BS 1s 6 ROX 0 pose seine ee et ee een aM PRN Se See Re Eek PESO te Nac Nie a OO oy Br w= 4985 10 
Cowra No. 16 Pi uh cies 4738 14 
Florence 4170 16 


Of the Indian wheats there was not one of the 120 varieties that showed 
any resistance to this disease. 

The outstanding feature of the 1919 harvest was the discovery of the 
immune or highly resistant character of Red Hussar, C. I. 4843, Martin 
Amber, C. I. 4463 and White Odessa, C. I. 4651 and 4655. The first two 
have never yet shown a trace of bunt, while the two White Odessa strains 
have averaged less than 1 percent of bunted heads. Red Hussar is a hard, 


red-bearded wheat, while Martin Amber and the White Odessas are soft, 
white, and beardless. 


Results for 1919-20. In the fall of 1919, the classification nursery list 
was again planted at Moro, and in addition the most promising bunt-resist- 
ant varieties were planted at Corvallis, Moro, Hermiston, and Union. Sev- 
eral strains of Florence x Turkey and Hybrid 128 x Turkey, produced by 
Dr. E. F. Gaines of the Washington Agricultural Experiment Station at 


Pullman, were sent to us by him. Some of these give promise of being 
valuable resistant wheats. 


The results of this year’s work are summarized in Table XVIII. 
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TABLE XVIII. PERCENTAGE OF SMUT IN WINTER WHEAT VARIETIES 
‘GROWN AT MORO, CORVALLIS, HERMISTON, AND UNION, ORE- 
GON, IN 1920, FROM ARTIFICIALLY INFESTED SEED 


Percentage of _smutted hentia: at 


= 
Variety a he] o 
Culep No: a A fs e 
° & : 
s B qu se} a) 
° oS o = ia 
e) a q p < 
: | % Ge o | Se & 
ULSD Ce LAS ecere serra ae ee | 70.8 | 68.0 | 60.8 | 15.4 | 53.6 
Turkey .... 20.5 14.6 19.6 | 6.6 15.3 
~Banmer Berkeley” 2. 1.8 0.6 0.0 0.0 0.6 
MVEA ete O50 .e0| Rete ee ee | eal 0.0 
Red Hussar 0.0 0.0 0.0 0.0 0.0 
eae A tion #2 75.0552.- BA tee | Pere AE Memes FC ee 30.6 
Alaska x Jones Fife —...... 10.6 | 2.8 0.0 1.3 3.7 
TERE EERO R ie | acta eee eee ae a 24.5 | 4.7 0.0 rete | 8.0 
IRI SIB Wel SONY cere eee ere eee | 26.6 | 18.9 4.5 Pag || alee 
28.0 | 2.7 | 1.4 1.2 8.3 
ATS eel ORG 0.0 1.8 6.8 
7.2 Eel eee eee |) ss | 15.7 
; 6.4 Tell <caces eee. 7.05 
Washington INo. 38) .........-.- 6.7 5 aul eee 0.0 2.7 
Wishing ton NO. 6: 2:-:.--2--: 74.5 NAR | eee 4.8 31.8 
Morence: <2... “Bech 4.9 Pa hil Lean 0.0 2.5 
White Odessa .. 0.0 | 0.0 0.0 0.0 0.0 
White Odessa _ 2A AO Mane eee 0.0 0.9 
JUTE el Da a gaa a Bel eee leds AE eee peed | ONO Wicseaeeeee ollpeeeeeen 0.0 
Crimean selections ..... OKO | KS |) O50) 0.2 0.2 
0.0 | Se) 2.4 | 0.0 1.05 
UR). 0.0 | 0.0 0.3 0.3 
20.5 15) 00 0.8 | 5.7 
1558-38-09 20.3 1.4 OFC DEES | 5.5 
4430 0.6 0.5 0.0 0.0 0.3 
2576—-A 0.4 0.0 | 0.0 0:0) Ont 
1442-15-09 23.2 P| 0.0 0.0 6.5 
2578-1 0.5 0.0 | 0.0 1.3 0.45 
2908-A 11.2 0.8 0.0 | 0.0 3.0 
| 8055-A 0.0 0.0 0.0 0.0 0.0 
1728—1—4-1-10 12.8 1.1 2.6 0.8 4.3 
1563-2 Kel 2.0 0.0 | 0.0 2.3 
1571-C 0.6 Usiy | 1.6 0.0 0.8 
2903-5 0.0 | 0.0 | 0.0 1.0 0.25 
1565-1 0.38 | 2.3 | 3.6 0.0 a ley 
| 1532 0.2 0.4 3.3 0.0 1.0 
EVE «28 ee ee ee ores i ep ees 31.5 Solem eee 1.0 9.5 
Turk. x Hyb. 128 (G 176) ees 23.0 IB | BG) | 5.1 13.8 
Tinea Ey be Lose CG 288) 0 eee AG. dL ll eer Sean Liles O! no emt AO) 16.8 
Tank. x Eyb. 128 (4G 242) | 22.6 | 13.7 Lio | OES 15.0 
Mirkees Ey. L289(G 247) | ca : 44.6 | 10.6 | 6.0 | 2.9 16.0 
Turk. x Hyb. 128 (G 308) | —_--..--.- 83:9))| 40.60) 12:8" eo: ame toed sb 
Turk. x Hyb. 128 (G 311) ee BOS | Ab.6 |) 22°70) 9-8 meade 
Turk. x Florence (G 314) | ; — -.------ 2.3 | 1.6 1.9 | 0.8 | 1.65 
Turk. x Florence (G 316) | __ : 2.4 0.0 0.0) 00.3 7) 0s7e. 
Turk. x Florence (G 324) | —..... . ial |e OSC OFT 020" 0245 
Turk. x Florence (G 326) sateate 0.0 | trace | 0.0 | 0.0 0.0 
Turk. x Florence (G 330) | ears Ozban|y 1020 CO) OK | Seal 
Turk. x Florence (G@ 332) | -.----- pit | allah |) ee | 0.0 | 0.7 
Turk. x Florence (G 334) | : 2.8 | 1.0 | trace | 0.0 | 0.95 
Minne: Ele (G32) @borded) |) 9 eax: 3.6 0.5 3.5 | 0.0 ils) 
Tur. x Fl. (G 352) (brdl’s) | _— 4.9 ees, |) Geek I AU 2.4 


Results in 1921. In the autumn of 1920 there were sown at Moro and 
at Corvallis with artificially smutted seed in two-rod rows those varieties 
which had previously showed some resistance to stinking smut and a few 
standard varieties for comparison. There were also included three varie- 
ties, Blackhull, Alberta Red, C. I. No. 5971, and bulk seed of Red Hussar 
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obtained from the Illinois Agricultural Experiment Station. The percent- 
age of smut obtained in the 1921 crop of each variety grown at Moro and 
at Corvallis is given in Table XIX, with the average percentage for both 
places. 


TABLE XIX. PERCENTAGE OF SMUT IN WINTER WHEAT VARIETIES 
GROWN AT MORO, AND CORVALLIS, OREGON, IN 1921. 


| Percentage of smutted 
heads at 


se | 


Variety A ork Cr, Ne. 


Moro 
Corvallis 
Average 


asl 


oo 
for) 


Thera SS ee prea (Aerie ce ee.) MEY 222538 4 
Banner Berkeley ra) ee , a3 

Martinge ss 25.2 
TREO CEVUSS ary eee cence 


Alaska x Jones Fife -........ nea Bie 
Turkey (Washington No. 3826) 


HH 


OPNMOHMRMHOSSCOSCOCONWUNOHWNHOWRHIOCWWOOHRAOOWONNDOUNS 


WER aoarei very INK, 8 op 
Washington No. 3 . : 
MOV ENCE | eee eee eee a pores 
White Odessa - 
White Odessa = 
IAN Pedy Sees ea | 
Turkey (889) 
Crimean selections. 


oo 


BOHR 


3055-A 
1728—-1—4—1-10 


Abed Kenge So Nelnioy, lets (CER Ie ee | AES 
Torkey- x Hybrid: 128: (G 2BaSyic2 1" c..dc 
Turkey x Hybrid 128 (G 242)..... 
Turkey x Hybrid 128 (G 247).... 
Washington No. 1600192...) ee 
Hybrid 128 ..._.... i eget Taek EE PEASE ee 
Turkey x Florence (G 314 Red). 
Turk. x Florence .(G 314 White). | 
Turkey x Florence (G 316) 
Turkey x Florence (G 324)......... 
urkey x Florence (G 326 Red). 
Turk, x Florence (G 326 White). | 
Turkey x Florence (G 330)..... 
Turkey x Florence (G 332) 
Turkey x Florence (G 334) 
Nae wer el yy © oe eee So ee ae ee eee i eu 
PAID Gr; Ca EX CCl ieee eee eee ees eS 5971 
Red Hussar (Bulk seed)® .............. |, 0 Sesssete 


aH 


C109 CI PDO 


Onnwnrwre 


DHDOSONOSCSOSSSSSCOROSOHRNWORDBWDOOSKORBNSSSOSOSSOSSOSSOSCONS 
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@ Seed from Illinois Agricultural Experiment Station. 


Yields of Smut-Resistant Varieties. Comparative yields of the smut- 
resistant varieties were obtained in 1920 and 1921 in two-rod nursery rows 
replicated from three to five times. The annual and average yields are re- 
ported in Table XX, together with the yields of a puresline of Kharkov 
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winter wheat, C. I. 1442-12. These wheats will be further tested in larger 
plots to determine which are the highest yielding varieties. 


TABLE XX. ANNUAL AND AVERAGE ACRE YIELDS, IN BUSHELS, 
OF SMUT-RESISTANT WHEAT VARIETIES GROWN IN NURSERY 
ROWS AT MORO, OREGON, IN 1920 AND 1921 


| | Acre yield 


Variety (S55 Uc ANKoy, - ~ —— 
1920 | 1921 | Average 
; bu. | bu. bu. 
(Charearore viele fS(eu eye) til(oy ale) es eR ney ee Aer 1532 | ae: | 33.5 27.6 
Ciningain GOUOR Jee || TRON | Be | Bie 31.3 
@riumean Sele cto... --.cseseweesr eee eee bac cnc bene 1558-B 23.3 | 29.7 26.5 
TIM eaiMa SCLC CULOM esos sees ened ee : 1565 14.6 20.9 HME 
Crimean selection .............. lee tSetaeee aes .| 2194-1 20.2 | 22.6 22.4 
@rimean “Selection (22. e een ncceets-ceeece aM 2576-A | ney éeai | 29.6 2808 
Crimean selection ....... 2) AcE EPL Mee aH 2578-1 | ied | 30.7 23.9 
Crimean ‘Selection... --.- ees sores | 2903-5 | 21.3 31.4 26.3 
Crimean selection _. 2908-A 18.7 26.6 22.6 
Crimean selection ......... 3055-A 18.2 32.0 | 25.1 
Crimean selection . 4430 28.7 Bal 30.9 
Crimean selection . 1563-2 12.0 27.6 | 19.8 
Crimean selection __ .------ | 1728-1-4 | 14.7 26.8 20.2 
@rimean selection .20.6.--2.. foc ee | 1571-C 15.6 34.5 | 25.0 
Crimean selection .............. Be Pee 4337 8.5 20.3 14.4 
White Odessa .................- | 4651 9.7 22.1 15.9 
Winite Odessa... 6... ; 4655 niet Boy! 23.4 
IVES eb Linigeen ee oes te a, tere 2 meee 4463 21.0 23.5 22.2 
Banner Berkeley ........ SR oe a re) 1A ae nee oe 13.6 26.5 | 20.0 
EVCOMMEUUSSar a eee a 4843 L720, 25.2 “ileal 
IESIa YE WALA HE? Sacred Soa LR eR a ne 1442-12 21.3 | 29.4 | 25.3 
Turkey x Florence (Wash. No. 326).. | 
Turkey x Florence selection G3814.....__.. HOES 21.8 | 20.8 
Turkey x Florence selection G316__.. 16.9 28.7 22.8 
Turkey x Florence selection G324...___.. ioe 20.2 19.6 
Turkey x Florence selection G326_.... : 24.6 30.9 21.1 
Turkey x Florence selection G330....__.. 19%. 28.2 23.8 
Turkey x Florence selection G332_..__... 18.9 34.2 26.5 
Turkey x Florence selection G334____..... | 18.8 26.5 | 22.6 
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The following is a brief description of the varieties which, from the 
two years’ nursery trial, appear to be the most promising from the stand- 
point of yield: 


Turkey C. I. 1558 A. A selection made from Turkey, C. I. 1558, by Dr. 
C. R. Ball in 1915. The variety is a typical Turkey wheat. At Corvallis it 
comes nearest of all the hard red wheats to being free from yellowberry. 


Turkey C. I. 1558 B. This variety differs from C. I. 1558 A in that it 
has a stiffer straw and the heads when ripe stand more erect than in the 
Turkey variety. 


Crimean C. I. 2903-5. A selection from the Mediterranean variety made - 
at Amarillo, Texas. The kernels and plant characters are similar to those 
of Turkey wheat. 

Turkey C. I. 3055. This is a selection from Turkey wheat made at 
the Highmore Substation at Highmore, South Dakota. The spikes of 
this variety are somewhat longer and more lax than those of the Turkey 
variety. The heads are pendant when ripe and do not shatter readily. 


Crimean C. I. 4430. This is a pure-line selection from Crimean wheat 
made by J. A. Clark from a field plot at Moccasin, Montana, in 1915. The 
heads are large and erect, and are somewhat inclined to shatter. The 
kernels appear to be similar to those of Turkey wheat. 
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Turkey C. I. 1571 C. Turkey C. I. 1571 has been one of the highest 
yielding Crimean wheats tested at the Sherman County Branch Experi- 
ment Station. This strain appears identical with Turkey wheat but is 
considerably more smut-resistant than Turkey C. I. 1571, from which it 
was selected. 


White Odessa C. I. 4655. This is a beardless, red-chaff wheat with white 
kernels. It has a long slender spike and matures rather late. It is weak- 
strawed when grown at Corvallis. 


Martin Amber C. I. 4463. This is one of the latest maturing wheats of 
the smut-resistant group. It is a beardless wheat with white chaff and 
white kernels. It has always been smut-free at Moro and Corvallis and 
elsewhere so far as is known. 


Red Hussar C. I. 4843. The original seed of this variety was obtained 
from the Illinois Agricultural Experiment Station. It is a pure-line selection 
that appears to be immune to stinking smut. Bulk seed of the same 
variety received in the fall of 1920 from the Illinois Experiment Station 
was not exceptionally smut-resistant. The variety is a bearded wheat with 
a rather long head. The kernels are large, hard, and red. The variety 
shatters quite badly at Moro. It has excellent baking qualities. 


Turkey x Florence. These are hybrids made by Dr. E. F. Gaines of the 
Washington Experiment Station. The selections that have been grown 
in Oregon are all beardless with long, slender heads and white glumes, 
resembling Florence. They were all supposed to be red but two white 
strains have been selected from them. The selections are exceedingly smut- 
resistant, all of them possessing much more resistance than either of the 
parents, which, in the United States at least, prior to 1917 were the most 
resistant varieties known. The fact that highly resistant strains have 
resulted from the crossing of two varieties of only moderate resistance is 
of the highest significance genetically and promises greater achievements 
for the future. This phase has been treated by Dr. Gaines in the Journal 
of the American Society of Agronomy for April, 1920. 

As presented in foregoing data, the tests in Oregon of over 800 varieties 
and strains have resulted in the finding of eighteen or more varieties and 
selections which show marked resistance or complete immunity to bunt. 
These include types of hard and soft white, and hard and soft red wheats, 
some of which have excellent milling and baking qualities. These facts 
promise much for the eventual elimination of the bunt nuisance from the 
wheat industry in all parts of the State. 


SUMMARY 
Seed Treatment Experiments 


Bunt or stinking smut is one of the most serious diseases affecting 
wheat in Oregon. 

This disease is caused by bunt spores adhering to the seed after thresh- 
ing, or by wind-borne spores being deposited on summer-fallowed soil. 
These spores germinate and send out infection threads, which enter the 
underground portion of the young wheat plant, grow with it, and finally 
cause smutted wheat. 

Seed-borne spores are the most common method of infection where 
seed is not treated. Investigations in the summer of 1918 indicate that 
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wind-borne spores cause the principal part of the infection in Eastern 
Oregon, notably in Umatilla county. 

Of the two species of organisms causing bunt (Tilletia tritici and Til- 
letia levis), both are found in the Willamette Valley, but only one, Tilletia 
tritici, is found in Eastern Oregon. 

Experiments carried on at several points in Eastern and Western 
Oregon indicate that both species of bunt are of about equal virulence. 

Observations made in Oregon as early as 1912 indicated that seed 
treatment for bunt frequently was responsible for injury to seed germi- 
nation and reduction of stands of winter wheat. Since 1912, elaborate 
experiments have been conducted in cooperation with the Office of Cereal 
Investigations of the United States Department of Agriculture to determine 
the effect of seed treatment on germination of seed and on the control of 
stinking smut. The results of these experiments show that: 


(1) Solutions of formaldehyde and bluestone of sufficient strength to 
lall the smut may, under certain conditions, destroy or delay germination 
or seriously reduce or impair the vigor of the young growing plants. 


(2) Injury to formaldehyde-treated seed is considerably lessened by 
washing the seed in clear water after treatment. 


(3) Injury to seed by the bluestone treatment is also materially less- 
ened by washing or rinsing the seed in a solution of lime water. 


(4) In the Moro tests, formaldehyde solutions of | pint of commercial 
formaldehyde to 45 gallons of water and bluestone solutions of one pound 
to ten gallons of water were equally effective in controlling bunt. 


(5) Seed treated with formaldehyde should be sown as soon as pos- 
sible after treatment, or while seed is damp, and only in moist soil. 

(6) Either storing formaldehyde-treated seed or sowing in dry ground 
is a dangerous farm practice. 

(7) The bluestone treatment is to be preferred if the seed is to be stored 
for any length of time or if the seed is to be sown in dry soil. 

(8) The injury caused to seed by the formaldehyde and bluestone 
treatments usually depends upon the extent of injury done to the seed by 
the threshing machine. 

(9) Elaborate experiments reported in this bulletin show that hand- 
threshed seed is only slightly injured by the formaldehyde and bluestone 
treatments. 

(10) The treating of seed with dry copper carbonate, which has been 
found to control bunt in Australia and in California, does not injure the 
seed. Experiments are in progress to determine whether this treatment 
will effectively control bunt in Oregon. 


Bunt-Resistant Wheat Varieties 


Experiments to determine the susceptibility of different wheat varieties 
to stinking smut were begun at Moro in 1917. 

All the commercial wheat varieties of the United States, Australia, and 
India, as well as hundreds of pure-line selections of wheat varieties, were 
tested for smut at Moro for the two years, 1919 and 1920. The comparative 
smut resistance for the two years of the common wheat varieties grown in 
the Northwest is shown in Table X. : 
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A few pure-line selections of wheat varieties were discovered that are 
totally immune to both species of stinking smut. Nearly twenty varieties 
of wheats were found that were so highly resistant to this disease that 
they can be safely sown without treatment for bunt. 

The discovery of these wheat varieties is likely to prove of much 
economic importance to the wheat-growing industry of Oregon and will 
probably mean the eventual elimination of the bunt nuisance from the 
State. This would mean an annual saving to farmers of many thousands 
of dollars. 

In these varieties and pure-line selections of wheat are many different 
types ranging from soft white to hard red. All of them are being increased 
and tested for yield in several localities in Oregon. 

A brief description of some of the new bunt-immune and bunt-resistant 
varieties is given on pages 37 to 42. 
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SUMMARY 


1. Due to its adaptability and advantages, alfalfa is the leading 
irrigated crop, and together with other meadow crops constitutes 52.5 
percent of the cultivated acreage on Government projects. Since meadow 
crops require about twice the water that annual crops need, alfalfa and 
other meadow crops deserve about three-fourths of the attention in 
determining the average duty of water for a project. 

2. Farm ditches should be large enough to allow for rotation in 
the use of water and should serve the whole farm directly. 

3. A more general use of the strip-border method of irrigation 
will save time, water, and money. 

4. The time and frequency of irrigation should be such as to pre- 
vent crusting of newly seeded Jand and provide moisture before the crop 
is checked in its growth, or before the soil-moisture content reaches the 
drought point for alfalfa. A fairly moderate and uniform moisture 
content should be maintained. 

5. The amount to apply at one irrigation will depend largely on 
the usable moisture capacity of the soil, which ranges from ¥% inch per 
acre foot for coarser soils to 2 inches per acre foot for a silty clay loam. 
The depth of penetration of water can be determined by using a spade. 

6. Duty-of-water experiments for several states indicate that a 
good return per unit of water is .2 ton of alfalfa per acre inch or a little 
over 2 tons per acre foot. 

7. As an average of 43 net duty-of-water trials in Eastern and 
Southern Oregon the maximum yield an acre inch was secured with 15.5 
inches and the yield of hay obtained was 3.96 tons an acre, while in- 
creasing the average depth to 24.15 inches gave an average maximum 
yield of approximately 4.5 tons an acre. 

8. Under sub-humid conditions at Corvallis on a silty clay loam 
soil as an average of ten water-variation trials, 5.5 inches depth gave a 
maximum yield per acre inch. Averaging 4.37 tons and increasing the 
depth to 9.06 inches increased the average yield to 5.04 tons. 

9. Maximum net profit per acre with irrigated alfalfa is realized 
with a smaller amount of water than is required for a maximum yield 
per acre, but with less than is required for a maximum yield per acre 
inch. With low costs and plentiful water the maximum yield per acre 
approaches the maximum profit, but with high costs and a shortage of 
water the yield per acre inch will come nearer to approaching the maxi- 
mum net profit. 

10. Water requirement of alfalfa for plots giving the maximum net 
profit was 739 pounds of water per pound of dry matter produced, or 
5.23 inches per ton of dry hay. 

11. Proper irrigation, fertilizers, and crop rotations are important 
factors in improving the soil solution and lessening the irrigation re- 
quirement. Applications of farm manure and sulfur have substantially 
increased the average yield per acre and per acre inch in Oregon and 
reduced the water requirement. 

12. As far as possible alfalfa should be fed out on the farm to 
conserve fertility. Alfalfa land should be broken up every few years 
to loosen the soil and market the stored-up nitrogen and humus in cash 
crops. All of this tends to aid in the economical use of water. 


Irrigation of Alfalfa’ 


By W. L. POWERS and W. W. JOHNSTON* 
INTRODUCTION 


Alfalfa, meadow forage crops, and pastures, in connection with live- 
stock husbandry are essential to a permanent system of irrigation 
agriculture. A first principle is to convert the wonderful growth of 
legumes and grasses which can be produced under irrigation into such 
condensed products as butter, beef, mutton, pork, and seed. 


Advantages and Uses of Alfalfa. Alfalfa, the leading irrigated 
crop, is adapted to a great range of soil and climatic conditions. It 
grows rapidly and throughout the entire season, yielding heavily. Al- 
falfa adds nitrogen and humus to the soil; its deep roots loosen the 
subsoil and draw up plant-food elements from the sub-strata. It is a 
fairly permanent crop and the cost of production is therefore moderate. 
Alfalfa cures well under the arid conditions and provides nitrogenous 
substances in sufficient amounts to make it practically a balanced feed. 
The plant makes a good hay or pasture for stock and makes a valuable 
seed crop under certain conditions. Its use is being somewhat extended 
by grinding. 


Handling the Crop Under Irrigation. Land should be carefully lev- 
eled before seeding to alfalfa, since high spots that will fire out or low 
spots that will drown out interfere with the maximum yield and duration 
of the crop. It is desirable to have a rather thick stand as this makes a 
finer quality of hay. A firm, fine, clean seed bed is desirable in order 
to secure a good stand. From ten to eighteen pounds of seed should be 
used; the higher amount may be necessary on new land. A minimum 
amount is required on loam soil, where seed is tested and shows a high 
percentage of purity and germination. A good method of seeding is 
from the grass box attachment on a grain drill. A bushel or so of bald 
barley or rye is frequently used as a nurse crop and removed early for 
hay. This may prevent light soil from blowing or in other cases may 
control weeds. Heavy or late grain crops are apt to injure the stand of 
alfalfa. As far as possible, hardy varieties such as Grimm should be 
used. On raw land or in new localities it is best to inoculate the seed, 
using’ pure culture from the Experiment Station or soil from a clean 
alfalfa field. 

If the soil is heavy it should be irrigated before seeding unless it is 
well provided with moisture. Afterwards re-wetting should be avoided 
till the crop begins to shade the soil. Where the furrow system is used, 
marking for irrigation should be performed by the time the crop appears 
above ground. A corrugated roller can be employed if the ground be- 
comes crusted during germination. Some roller should be used which 
will not leave the ground slick. After the first irrigation when the 


*Warlier experiments were conducted partly in cooperation with the United States 
Office of Experiment Stations. The writers also wish to acknowledge cooperation of 
Harney and Umatilla Branch Experiment Station superintendents, Obil Shattuck and 
H. K. Dean, and Mr. Douglas Ritchie, Field Agent at Burns the past two seasons. 
This report is published as a phase of Oregon Soil and Soil Water Investigations pro- 
vided for in chapter 350, Session Laws of 1919, and its continuation 1921. 
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alfalfa is well rooted and eight or ten inches high, a light weeder can be 
used. The first season the alfalfa should be clipped off; this will encour- 
age ,branching and root development. The clipping should be given 
when the crop turns yellowish, starts secondary shoots, becomes weedy, 
or starts blooming during its first year. The following spring a spring- 
tooth harrow or other alfalfa renovator may be used if the soil is dry 
enough to work freely before the crop has made any appreciable growth. 
More vigorous renovating is permissable on old alfalfa meadows, and 
harrowing is desirable after pasturing and irrigation or manuring. 
After alfalfa has been grown several years there is a tendency for the 
soil to become packed ‘on. the surface from lack of cultivation; the humus 
and nitrogen accumulated by the alfalfa sod should therefore be plowed 
under so that this plant food can be marketed-in the grain, the soil being 
loosened up and cultivated crops used in rotation with the alfalfa. Over 
irrigation, a water table within less than four feet of the surface, or 
continued clipping before bloom tend to kill out the stand. 


Fig. 1. Land leveler and tractor. 


Alfalfa is most easily killed by plowing when it is moist enough so 
that fermentation will take place. Shallow plowing with a sharp plow 
provided with a knife for cutting horizontal roots and a second deeper 
plowing two or three months later before planting time will in many 
cases be justifiable, particularly where such crops as potatoes are to 
follow. If one plowing is given, it should be of good depth so as to secure 
enough fine soil te work down with the sod into a good seed bed. The 
use of a two-way plow will avoid making dead furrows or back furrows 
and save work in releveling. 


IRRIGATION 


Farm Ditches. Farm ditches on new land should be planned to serve 
the entire tract, and convey the water to the land as directly as possible. 
Good permanent gates should be provided on farm ditches and these 
ditches should have capacity to handle fairly large heads of water. 
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TABLE I. MEAN VELOCITY AND DISCHARGE FOR DITCHES 


WITH DIFFERENT GRADES 


= -Grade- -—- Mean velocity 
Inches Feet per in feet per 
per rod 100 feet Feet per mile second 


Discharge in 


eubie feet 
per second 


Farm ditch No. 2—16” base and 6” depth of water 


yy 13 6.67 82 

25 13.33 1.16 

4 38 20.00 142 

1 51 26.67 1.64 
14 -63 33.33 1.84 
1% -76 40.00 2.02 
1% .88 46.67 2.18 
2 1.01 53.33 2.34 

2% 1.26 66.67 2.61 

Farm ditch No. 3—2’ base and 9” depth of water 

% .06 3.33 79 

y% 13 6.67 1.13 

y% 20 13.33 1.60 

% 38 20.00 1.97 

i 5) 26.67 2.28 
1% 63 33.33 2.57 

Farm ditch No. 4—1’ base width and 1’ of water 

Ve .03 1.58 .84 

% .06 3.33 1.08 

Vy 18 6.67 1.54 

3% «19 10.00 1.89 

y% 25 13.33 2.20 

52 ol 16.67 2.45 

% 38 20.00 2.69 


Fig. 2. Lateral plow. 


Capacity for farm ditches of various sizes and grades is given in Table I. 
A lateral plow can be used in opening these trapezoidal-shaped farm 
ditches, and a V ditcher such as the Martin or Simplex is well adapted 


to the larger ditches. 
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There are several methods used for applying water to alfalfa fields, 
their suitability depending on soil and subsoil, topography, nature of 
water supply, size of farm, amount available for preparation of land, 
and the prevailing crops of the district. 

The chief methods of applying water to alfalfa in Oregon are: 
flooding from contour field laterals, strip-border flooding, and furrow or 
rill irrigation. 


Contour Flooding. In this method of irrigation, the supply ditch 
may be run directly or diagonally down the slope or along the field border 
and be provided with: drops and check gates for taking out water at 
frequent intervals. From these gates, which will be 5 or 6 rods apart, 
the laterals will be plowed across the slope nearly on the contour line 
and having a few inches fall per hundred feet. These field laterals are 


Fig. 3. Head gate. (Bul. 177.) 


located by having the rodman pace off 50 feet at a time, the levelman 
then shifting him up or down the slope to the point of desired elevation. A 
stake is left at each point located. On sloping land these laterals may 
be made with the ordinary plow and the dirt thrown out on the down-hill 
side. The furrow should be gone through twice and then finished with a 
V-shaped crowder and shovel. Water is turned into these furrows and 
turned out at frequent intervals and allowed to flow in a thin sheet 
over the surface extending down to the next lateral below, which serves 
for an equalizing ditch and distributes water to the next-adjoining land. 
This method is suitable for undulating land with the slope as high as 
10 feet or more in 100 feet. The system is easily installed and gives a 
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fairly good distribution of the water. Some waste is usually experienced 
with this method of irrigation. 


Strip-Border Flooding. The border-flooding method of irrigation 
is used in Malheur Valley, Umatilla Basin, and other sections of the 
State. It is adapted to gently sloping valley lands, which can be leveled 
so that the strips will slope in one way. This method is especially 
suited to alfalfa irrigation after the crop shades the ground. The sup- 


Fig. 4. Lateral clearer. 


ply ditch follows the ridge or the highest side of the land; if large, a 
secondary or header ditch is used to distribute the water to the strips. 
This ditch has a capacity to carry several second feet and is provided 
with a good, permanent turn-out gate at the head of each strip. These 
borders can be started with a Fresno or other scraper while leveling 
off the land, and can be finished by an adjustable ridger, or they may 
be thrown up by plowing back-furrows, and throwing in two furrows 
on each side before using the ridger. A disk turned to throw the dirt 
to the center is also used in places. The intervening strips are then 
smoothed down to an even plane. The furrows are nearly filled by this 
leveling operation. Across the upper end of the strips a table one rod 
wide should be made level, so that the water will start down the strips in 
a thin sheet, spreading over this table and down the long narrow strips 
evenly. Two or more strips may be irrigated at a time. When the 
water reaches nearly to the lower end it is turned off and another strip 
started. 

The width and length of border will depend upon the soil, slope of 
the land, and head of water available. On medium sand, at the Umatilla 
Branch Experiment Station it was found * that the length of border 
should not be over 220 feet. A width of 30 feet was found suitable. 
Borders should be comparatively small for coarse soils in order to irri- 
gate quickly. On loam soils suitable size of border proved to be 30 to 
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50 feet wide by 300 to 600 feet long, as determined by experiments in 
California. ? On loam soil a length of 330 or 660 feet will divide a forty 
into lands of equal width. The strips will run directly down the slope, 
and will be separated by borders which may have a base width of five 
or eight feet and should be 10 to 12 inches deep at the crown. This 
border method avoids excessive grading and permits economical prepara- 
tion and application; affords uniform distribution and usually saves time, 
water, and money on moderate slopes. 

The size of head used in irrigating should be fairly large, depend- 
ing upon the slope and size of strip border. In irrigating with this 
method, the aim is to get over the land rapidly and wet the whole surface 
to a uniform depth without deep percolation loss. In the California ex- 
periment * a head of from two to ten second feet to the strip was found 
desirable for medium loam soils, and a desirable grade would be from 
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Fig. 5. Simplex ditcher. 


three to six inches to one hundred feet. For clay and clay loam soil, 
a head of one to four second feet in a grade of from one to three inches 
per 100 feet was found more suitable. A smaller head would be re- 
quired on steeper grades. On slightly undulating land the dikes will be 
placed closer together at the head of the strips where the head ditch 
goes across or around a ridge in the the land, and will be placed farther 
apart at the head of the strips in laying out the borders across a depres- 
sion below the head ditch. The system is adaptable to the general farm 
under irrigation, and permits fairly good control of the water while en- 
abling a considerable area to be irrigated in a reasonable length of time. 
This method should be much more generally used in this State, particu- 
larly on the general grain, hay, and stock farm, provided the land has a 
fairly gentle, uniform slope. 


1] 


Corrugation or Rill Method. This is a modification of the furrow 
method and is well adapted to districts where diversified, rather inten- 
sive agriculture is practiced. It is suitable for lands that will not stand 
flooding without baking and where the formation favors sub-irrigation 
or where the irrigating head securable is small. In order to avoid 
crusting of heavier soils it may be necessary to corrugate new seeding 
between strip borders the first season and until the crop shades the 
ground. The method can be used for meadow or grain. Small corru- 
gations are made with a sled (Fig. 8) shod with cultivator shovels 
or with the regular manufactured corrugators, at intervals of from two 
to five feet, depending on the capillarity of the soil and substratum. The 
water is then allowed to flow through these much as in the furrow 
method of irrigation, the irrigation being continued a sufficient length 
of time to permit the strips between the corrugations to become 
moistened, largely by “subbing” and capillarity. 


Fig. 6. Simple type of head gates and weirs. 


Sub-irrigation. Irrigation by seepage or by underground methods is 
feasible in this State only where the natural conditions permit its prac- 
tice without resorting to expensive equipment. In part of Baker Valley 
there is a strong loam soil underlaid with gravelly substrata in which 
the water table can be raised and sub-irrigation secured without much 
danger of water-logging or aggravating the alkali trouble. The gravel 
is open and seems not to be injured or puddled by this treatment. The 
water is raised in the sloughs by damming up and sub-surface layers 
are moistened by “subbing” from occasional field laterals. In the Upper 
Deschutes Valley and other places where the country is underlaid with 
porous basalt which gives slow, natural drainage and where the water 
is fresh and little alkali is found, a sort of sub-irrigation system is 
practiced. The water is supplied by corrugations and to some extent the 
soil is filled up with free water which moves laterally and down the 
slope from one corrugation to the next, moistening the strips between 
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them. With the medium loamy sand soil in the Upper Deschutes Val- 
ley uniform wetting will be secured where the corrugations are not over 
five feet apart. 


Checks. The check method of irrigation, wherein land is divided by 
dikes into rectangular level areas 100 feet wide and 100 to 200 feet 
long and irrigated by field laterals between each second series of checks, 
is little used in Oregon. The first cost for fitting land is often heavy for 
this method of irrigation. 


Portable Pipe. Portable slip-joint pipe is sometimes used for irri- 
gation of slightly undulating or sandy land, especially where water is 
pumped. The pipe is usually connected by means of a portable hydrant 
to outlets from an underground lateral. The pipes may be 12 to 15 feet 
long if not more than 5 to 8 inches in diameter and are made of light 
galvanized or black tarred metal. Ends must be tapered downstream 
and the upstream ends flanged to fit instantly. 


Choice of Methods. The whole purpose of irrigation is to provide a 
favorable moisture content throughout the root zone and to apply 
moisture when the soil has reached the drought point in quantities suffi- 
cient to raise the moisture to the excess point without waste by deep 
percolation or running off. Excessive evaporation should also be avoided 
and everything that possibly can should be cultivated just as soon after 
irrigation as the soil is dry enough to crumble. To secure economical 
use of water, it is necessary to have a good distribution system. The 
selection of this will depend on the nature of the soil, the topography 
of the land, the size of head of water, and the nature of the crop. General 
flooding systems will be adaptable to soils which are not inclined to 
bake and crust. The furrow and corrugation methods are suitable 
where the soil cannot be safely flooded and for intensive farming or 
farming where the head of water securable is small. Contour laterals 
or furrows run down the slope will be almost necessary on steep land. 
On relatively level land, almost any system may be adopted, but it 
should be suited to the type and size of the farm. On coarse soils, it is 
important to have a large head of water and to get over the soil rapidly 
in order to avoid deep percolation loss. The heavier the soil, the smaller 
the head; while the flatter the slope is, the larger the head should be. 
The irrigation farmer should make a study of the problem and choose 
the system best suited to his conditions rather than follow blindly the 
practice of the locality. It is best to choose the method which in the 
long run will give the greatest economy in labor and water and pro- 
duce the greatest net profit an acre. 


IRRIGATION EXPERIMENTS WITH ALFALFA 
IN OREGON 


During the seven-year period 1907-1914, irrigation experiments with 
alfalfa in Oregon were largely confined to the Home Station farm at 
Corvallis, and the Umatilla Branch Station. This earlier work has been 
reported in detail in earlier publications of this Station. 1°‘ In the 
spring of 1915 cooperative duty-of-water investigations were started 
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with the Office of Irrigation Investigations, Department of Agriculture; ° 
and since then water variation trials and other experiments with irriga- 
tion of alfalfa have been conducted, in several of the chief irrigated 
valleys of the State. 


Weather Conditions. The monthly and annual rainfall for stations 
in localities where duty-of-water experiments or other trials have been 
under way and herein reported are given in Table II. 


TABLE II. NORMAL PRECIPITATION IN ALFALFA SECTIONS OF OREGON 


r= 4 = 
z Ao ta Hes Tess ee os | ata 
Y ae BLS | @S [Sel] a2 | gc om 
x pe fea) i ag fi 5  ) 
in. in. in. in. in. in. in. in. in. in. 
January 1.14 2.06 1.34 1.84 1.84 2.30 2.45 0.99 4.53 7.22 
February -93 1.93 1.34 1.70 1.34 2.03 1.44 -95 3.69 5.56 
March -63 1.84 1.44 1,97 1.20 1.54 1.23 Ay & | 2.41 4.47 
April 53 1.58 94 1.66 -19 1.13 -83 68 1.47 2.38 
May 49 2.32 1.73 2.22 -36 1.43 -99 1.05 1.63 2.19 
June -48 1.51 1.21 1.95 1.09 1.10 -89 83 94 1.24 
July ai § -66 43 1.00 45 43 32 36 .36 A6 
August .B4 54 -39 -36 -22 -28 30 29 B35 -40 
Septernber .29 1.11 -76 1.33 .80 -69 56 58 -88 1.59 
October 5A 1.51 91 1.36 -66 -33 -96 67 1.54 2.79 
November 1.19 1.97 1.18 1.94 1.33 1.76 1.60 1.09 2.91 7.18 
December 1.12 2.04 1.53 1.77 1.37 1.38 1.78 85 5.15 6.69 
Total 8.15 19.07 13.20 19.60 11.95 15.55 13.39 9.08 26.91 42.67 


*Numbers in parentheses indicate elevation. 


TABLE III. WATER CAPACITIES OF DIFFERENT SOIL TYPES, SURFACE FOOT 
Soil Estimated Estimated Estimated 


Water wt. per excess lento usable water 
Location Soil type capacity eu. ft. point point capacity 
Go in. Go in. 
Hermiston Coarse sand 18 3.0 88 11 7 4 7 
Joseph Fine sandy 
loam 47 5.7 64 30 15 15 1.9 
Paisley Medium peat 147 7.6 28 110 40 70 3.3 
Peaty 64 6.5 52 45 20 30 2.5 
Silt loam 50 5.8 63 3 16 18 2.1 
Sandy loam 20 4.7 84 22 12 10 1.6 
Coarse sand 21 3.5 85 14 7 7 isk 
Klamath 
Falls Sandy loam 24 4.2 91 22 14 10.1 1,7 
Medium peat 167 8.5 26.4 150 70 97.0 4.9 
Clay loam 51 5.8 63 48 25 26.0 3.1 
Burns Silt loam 36 4.9 66 35 18 17 2.1 
Very fine 
sandy loam ; 38 = 4.6 : 64 4 32 18 1 1.3 
Haines Loam _ 28 4.) 63 27 12 15 2.0 
Fine sandy 33 4.9 63 26 12 14 1.8 
loam 
Redmond Medium sand 39 41. 66 Zhe we Vi 1.6 
Lakeview Medium sand 28 4.5 4 20 11 9 1.5 
Grants 
Pass Fine sandy ye 
loam 2 iB 85 tc 9 9 15 
Corvallis Silty clay es 
loam 36 5.5 30 27 14 13 2.0 
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Soils Used. The soils on which experiments have been conducted 
range from medium sand at the Umatilla Branch Experiment Station, 
requiring a maximum amount of water, to the silty clay loam at the 
Home Station under sub-humid conditions, where the highest duty has 
been realized. The usable water capacity, the organic content, and 
other important soil properties of the chief soils employed in these 
studies are given in Table III. From the study of water capacity of the 
different soils used the approximate field capacities for different soil 
classes have been developed. (See Fig. 13.) Some attention has also 
been given to the extent of root systems and other factors bearing upon 
the time, amount, and frequency and the duty of water for alfalfa. 

In considering these subjects, it should be kept in mind that the 
whole purpose of irrigation is to provide and maintain a favorable 
moisture content during the growing season; that the water capacity of 
soil should be kept up by increasing the organic-matter content and in- 
creasing pore space by cultivation, so as to afford the greatest possible 


Fig. 7. Small portable weir. 


storage of water; also that the usable water should be conserved to 


avoid unnecessary run-off, percolation, evaporation, and transpiration 
losses. 


_ Time of Irrigation. Theoretical considerations affecting the time 
of irrigation are appearance of the crop, weather conditions and evapora- 
tion, soil-moisture content, and water supply. 

Any indication of wilting on sandy spots in the alfalfa fields, the 
yellowing of lower leaves, or dark green color, are indications of need 
of irrigation. 

_ Evaporation from a water surface is a valuable indicator of weath- 
er influences and gives the combined effect of the drying infiuences of 
the different weather elements. Weather conditions must be watched, 
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heavy irrigation should be avoided if there are strong indications that 
heavy showers may fall. 

The soil-moisture content is a very valuable guide as to the needs 
of irrigation, and the minimum and excess points for important soils are 
presented in Table Il above referred to. Alfalfa will be checked in its 
growth when the moisture content of the soil drops below the “lento” 
point or point below which water moves with less freedom in the feeding 
root zone, but growth will continue slowly until the actual wilting 
point is reached. Plants may be kept alive by moisture secured by 
deep tap roots, but there is not enough to cause good growth ex- 


and though little dependence should be placed on prospective showers, 


cept when there is usable moisture in the feeding root zone. Accord- 
ing to experiments in the Imperial Valley and elsewhere ° as much as 90 
percent of the feeding roots of alfalfa may occur in the first four or five 
feet of soil, in some sections in Oregon within 2 feet. A good supply 
of usable moisture should therefore be maintained in the feeding root 
zone. If alfalfa is allowed to go without water until it is checked in its 


a) 


Fig. % Home-made corrugator. 


growth, is slow to recover * and 


it should be kept in 2 tender succulent cond 


7 ‘ Saas 7 } «+ £ 
# Z “ See samtant wad i he« for 
periments 4 uniform, moderate moisture content was found best for 


alfalfa. * 


Irrigating the Seed Bed. Where fiood 
late irrigation water is limited, the water 
storing of the water in soil to some ext 

Moisture should be 
time and the drilling will f 
this moisture, which I 
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shade the ground before further irrigation. If natural rainfall has 
not stored a good supply of moisture, irrigation before seeding would 
be desirable. Irrigating before the crop is up may interfere with 
germination, except on the sandier soils that are not inclined to crust. 
Under such conditions, it will perhaps aid germination, bring the soil 
in better contact with the seed, and make it firm, so that the young 
sprout will have a shorter distance to grow to the surface. 


Irrigation Before vs. After Cutting. Experiments to determine the 
relative value of irrigation before as compared with after cutting con- 
ducted in different states.show little difference and no uniform opinion. 
° ” Both cutting and irrigating check the growth of alfalfa temporarily. 
If irrigation can be given when the plant shades the ground and begins 
to bloom, it will bring on the second crop earlier. Irrigation before 


Fig. 9. Ridger used in preparation of strip borders on a concrete lateral. 


cutting should be early enough so that the ground will not be soft when 
cutting the hay. Under field conditions growth may be checked by 
delaying irrigation until after the hay crop is cured and removed from 
the land. Irrigation before cutting, while desirable, may not be possible 
except when the land is well fitted so that an even distribution ean be 
secured without tramping down the crop already produced. 


Winter Irrigation is desirable where complete storage is not provid- 
ed, but should not begin until the plants are in a dormant stage, and can 
be practiced at any time the ground is not frozen and will take up more 
water. Where the climate is very dry and it is better to have a moderate 
supply of moisture in the land over winter to aid chemical and bacterial 
processes, flood irrigation in late winter or early spring is very valuable, 
and helps avoid winter killing. Saturating the surface may cause winter 


killing, while a moderate moisture content in the soil is a protection 
against it. 
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According to Nevada studies, * irrigation at different periods and 
stages of growth has little effect upon the total yield of alfalfa. 


Frequency of Irrigation. Theoretical considerations affecting the 
frequency of irrigation are the storage capacity of the soil and subsoil, 
rate of loss of moisture, depth of roots and age of crop, depth of ground 
water, and methods of applying irrigation. On the sandy soils as at 
the Umatilla Station, ' it has been found best to apply water to alfalfa 
every two weeks; on sandy loams at a moderate elevation in Deschutes 
Valley, where two or three cuttings are secured, two irrigations at a cut- 
ting are better than one. On heavy soil at the Home Station at Corvallis, 
one irrigation at a cutting is sufficient. At the latter place the soil 
retains enough moisture to sustain growth four or five weeks, or suffi- 
cient to produce a good cutting. 


Fig. 10. Land fitted for strip-border irrigation, Harney Valley 
Branch Experiment Station. 


Amount per Irrigation. The amount to apply depends upon the 
storage capacity of the soil for usable water, the depth of roots, capil- 
lary movement to the roots from below, and extent to which the soil has 
dried out. As indicated by the water-capacity data, medium sand at 
the Hermiston Station will retain about two-thirds inch of usable water to 
the acre foot, and fine sand about one inch, while the heavy silty clay loam 
at Corvallis retains nearly two inches to the acre foot of usable water. 


Capillarity in heavier soils operates to a further extent, but may 
remove water too moderately. In the sandy soils, capillary movement 
is more rapid, yet the distance it conveys water is limited. 

The depth to whith a given measured amount of irrigation will 
penetrate can be determined by the use of a soil auger or spade. Studies 
of this kind to learn the depth to which the irrigation penetrates, to 
determine its distribution, should be made until a person is familiar with 
conditions. Sandier soils require lighter and more frequent irrigation. 
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Results of experiments bearing on time, amount, and frequency 
of irrigation for alfalfa reported in an earlier bulletin of this Station 
are shown graphically in Fig. 15. 


Amount per Season or Duty. Duty of water refers to the quantity 
of water required to mature a unit area of crop. A score or more of 
factors affecting the duty of water have been previously described. 
The U. S. crop census figures show that on the Government projects, 
alfalfa and meadows occupy 52% percent of the area, and since meadows 
need twice the water that annual crops require, they deserve 75 percent 
of the consideration in fixing an average duty for projects. On this 
account water variation trials at this Station have been chiefly with 
alfalfa during recent years. 


Vig. 11. Portable hydrant and distribution pipe. 


Use Records. Duty of water for a given crop, such as alfalfa, is 
indicated to some extent by measurement of water used under represen- 
tative field conditions. A large number of measurements of the water 
used for definite areas have been determined by the U. S. Office of 
Irrigation Investigations, the Reclamation Service, and other agencies. 
While these show the actual use, they do not afford information as to 
whether more or less water would have been better. The average depth 
applied in 1918 on twenty-two Government projects was 2.75 feet. 

Water-variation trials have been conducted by most of the western 
Experiment Stations, frequently in cooperation with the Government 
Office of Irrigation Investigations. One of the earliest of these water- 
variation trials on alfalfa was conducted by Dr. S. Fortier at the Mon- 
tana Station * as early as 1903. A chief objection to net duty-of-water 
experiments or water-variation trials has been the limited areas, which 
do not permit the losses experienced under field conditions. To combine 
the field and plot method, Bark devised a method of field-variation 
trials.” It consists of dividing a representative field and crop into three 
or four portions of five or ten acres each. The owner then applies to 
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one portion the quantity he customorily uses. The second portion is 
given from thirty to fifty percent more, and a third portion from thirty 
to fifty percent less. This method has been used in the different irri- 
gated valleys of Oregon during recent years. ° Frequently a fourth plot 
has been added to which has been applied manure or sulfur, and upon 
which some different method of distributing water has been used with 
a view to improving the practice. Duty of water experiments with 
plots from one-tenth acre up to a few acres in area, conducted by west- 
ern experiment stations, are summarized in Table IV. 


TABLE IV. RESULTS OF EXPERIMENTS ON NET DUTY OF WATER—ALFALFA 
FROM WATER-VARIATION TRIALS IN DIFFERENT STATES 


Quantity giving most 
economical duty 


Length Depth Yield Yield Yield 
State and of Precipi- of per per perA. 
authority Soil trial tation irrig. acre A.inch foot 
yrs. in. in. tons tons tons 
Idaho—Bark"® Loam 5 12 32.0 5.47 16 ye 
Utah—Harris, 
me Sit Loam Li 15 40.0 4.75 12 1.4 
California— Fine sandy 
Beckett et al.?° loam 5 17 36.0 9.27 25 3.0 
Nevada—Knight 
et al.8 Sandy clay 10 8 40.5 5.76 15 1.8 
New Mexico-—— 
Thompson Sandy loam i 6 36.0 4.00 Alps 1.4 
Montana— 
Fortier?” Loam 2 10 20.0 4.20 aa 2.5 
Wyoming— 
Buffum!® Loam 4 10 31.0 7.80 25 3.0 
E. Ore. 
(Aver.) Clay loam to 
Oregon sandy loam i 12 30.7 3.83 nili2 1.4 
W. Ore.* Silty clay 
loam 14 42.3 ss 4.93 65 7.8 
TALVONA CCH ae ret = 8 A ctecnscene Beh 11.15 33.3 5.63 alu 2.06 


*Omitted from average. — 


The yield per acre foot or acre inch gives opportunity for compari- 
son as to returns of experiments under the climatic and soils conditions 
of different states. It will be noted that under good conditions a yield 
of about two-tenths ton an acre inch was obtained, or a little better 
than two tons an acre foot. 

Results of Irrigation Experiments with Alfalfa in Oregon (Table V). 
Table V presents the results of applying different amounts of water, 
in several of the chief irrigated valleys of Oregon, the data being 
grouped according to geographic divisions of the State. Frequently the 
light irrigations give better returns per unit of water, while the heavier 
ones give better returns per unit of land. In many cases the average 
or moderate amounts of irrigation have given the best returns from both 
standpoints, and represent the application yielding the most profit to 


the acre. 
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TABLE V. RESULTS OF OREGON DUTY OF WATER TRIALS—ALFALFA 


Total Yield Yield 
Plot amount of per per 
Year Project Soil area irrigation acre acre inch 
Umatilla Valley 
acres inches tons tons 
1914 Coarse sand ey 116.28 5.57 -047 
2 63.12 5.31 -085 
2 52.56 4.03 077 
1915 Coarse: sand a4 84 5.69 -067 
‘ Ape 44 4.63 -105 
22, 28 3.50 125 
1916 Coarse sand ys 84 6.72 -080 
2 44 6.36 -146 
2 28 4.25 -151 
1917 Coarse sand Fr} 63 6.45 -102 
v3 44 5.97 -136 
2 35 4.10 -116 
1918 Coarse sand <2 60 6.13 -102 
2 45 5.48 awy 
2 40 4.40 -110 
1919 Fine sand ar 25 8.83 333 
2 25.5 8.58 2327 
4 35 9.12 -293 
1919 Coarse sand aul 63 5.28 -082 
oi 84 4.00 -035 
ais 114 3.88 .044 
1921 Borders Medium sand a 32 5.385 .167 
1 36 5.79 154 
i) 39 6.27 -155 
1921 Checks Medium sand 2 40 5.01 .063 
“Pe 106 5.35 -050 
2 111 4.07 -036 
1921 Borders Very fine sand v4 20.5 8.27 -402 
B74 25 7.40 -292 
2 28 9.56 341 
1921 Checks Very fine sand <2 31 7.82 -251 
a4 38 7.86 -204 
1921 Borders Medium sand i 27 ie Wy } -236 
ol 32 6.97 -220 
ail 48 6.07 127 
1921* Long borders Coarse sand .167 mG 1.12 .030 
.167 89 2.85 .010 
.167 120 97 -008 
1921* Short borders Coarse sand Si 48 1.81 .037 
aut 59 2.03 -034 
1 72 2.21 -030 
1921 Fine sand ol 27 8.25 -310 
nl 37 8.50 .230 
1 42 7.43 -170 
Powder Valley 
1915 Fine sandy loam 62.0 9.07 3.238 -035 
Gravelly loam 21.0 17.49 4.225 -024 
1916 Fine sandy loam 6.0 17,5 5.12 -298 
8.4 15.8 3.561 -225- 
11.6 12.61 3.225 -225 
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Total Yieid Yield 
Plot amount of per per 
Year Project Soil area irrigation acre acre inch 
Grande Ronde Valley 
acres inches tons tons 
1916 25—38E Dark loam 2.75 14.37 6.5 452 
2.15 12.12 5.4 -446 
2.75 9.87 4.3 435 
Wallowa Valley 
1915 Sandy loam 4.30 33.68 3.092 -092 
4.30 22.33 3.052 -136 
4.30 18.79 3.086 164 
Harney Valley 
OAT Very fine 
sandy loam ail 6 0.233 .039 
atl 12 0.508 -042 
al 18 0.533 -040 
1 12+10T Manure 0.476 .040 
Ll 6 0.444 .074 
aul 12 0.812 .068 
wl 18 0.968 .054 
-1 12+10T Manure 0.786 .065 
1918 Very fine 
sandy loam sil 6 0.635 -106 
il 12 .640 137 
gil 18 1.045 091 
-l1 12+-10T Manure 1.260 -105 
5! 6 1.475 -246 
sil 12 3.435 -286 
aL 18 4.000 -222 
-l 12+10T Manure 2.825 -235 
1919 Very fine 
sandy loam al “eye 1.13 141 
aL al Ed 2.36 .201 
ail 15.7 3.61 -230 
-1 11.7+10T Manure 2.25 .192 
Au Wee 1.96 -254 
Atl alg larg 2.67 .228 
Ail 15.7 2.97 .189 
-1 11.7+10T Manure 1.52 .130 
1920 Very fine 
sandy loam ail 7 4.94 -702 
sal 10 3.07 387 
al 12 2.55 .212 
-1 10+10T Manure 2.31 .231 
A! 7 5.0 -710 
sil 10 2.42 .242 
ol 14 5.9 -423 
-1 10+10T Manure 3.28 328 
Chewaucan Valley 
S 25—33 S.19 E Sandy loam 2.53 16.65 3.102 -190 
3.16 12.40 2.238 182 
2.38 6.10 2.318 3871 
1916 23—33 S18 E Sandy loam 2.53 32.00 6.102 -187 
3.16 21.12 4.388 -207 
2.38 11.16 4.368 .392 
1917 Coarse gravelly 
sand 1.59 12.37 0.858 .073 
1.65 9.87 1.292 -130 
1.46 5.50 1.089 .198 
1.00 99.00 1.7 .017 
1.00 30.00 1.428 .048 
a 1.00 14.00 1.058 .076 


*Not included in average. 
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TABLE V. RESULTS OF OREGON DUTY OF WATER TRIALS (Continued) 


Total Yield Yield 
Plot amount of per per 
Year Project Soil area irrigation acre acre inch 
Klamath Basin 
acres inches tons tons 
1917 Sandy loam oe 15 4.32 221 
mil 12:27 3.84 313 
aif 10 2.70 .270 
1919 Clay loam 385 18.33 2.05 112 
85 13.70 1.18 .086 
Rene 35 7.81 .88 ei ba 
1919 Sandy ‘loam 5 15.5 4.98 321 
a5) 10.5 4.68 -443 
5 6.0 4.36 .726 
Deschutes Valley 
1912 Redmond 
Dem. Farm 18 3.3 18 
25 3.4 13 
1918* GG. Errickson 
Grange Hall Medium sand 1 12 9 .075 
1 15.5 1.0 .064 
i} 19 Li -058 
E. S. Williams 
Powell Butte Med. loamy sand 1.3 8 -95 .118 
1.2 10.5 1.0 .095 
1:3 14.5 1.10 -075 
1919 R. Flickinger 
Tumalo 1 14 2.06 -147 
1 uly alia -124 
1 20 2.5 125 
1 19 2.4 126 
iL 24 2.9 120 
af 29 3. 103 
Geo. Errickson 
Grange Hall Medium sand 1 18 3.7 .205 
1 22 4.2 192 
1 26 4.7 181 
E. Atkinson 
Redmond Med. loamy sand i 20 3 .150 
1 24 3.1 129 
1 28 3.95 -141 
W. R. Davidson 
Terrebone Med. loamy sand 1 22 3.3 .167 
1 26 4.55 175 
1 32 5.59 174 
1920 Geo. Errickson 
Grange Hall Medium sand 1 20 3.0 -150 
1 24 3.5 .146 
1 28 4.0 .143 
E. B. Williams 
Powell Butte Med. loamy sand 3 34 2.9 .085 
17.5 28 2.8 10 
E. A. Griffin Med.-coarse sand 4 28 3.7 .132 
Alex Chase 
Deschutes Gravelly sand 6.5 28 2.6 .093 
6.5 46 3.1 .067 
Hoskins 
Redmond Med. loamy sand 15 20 2.6 .1380 
15 24 3.25 185 
15 28 3.50 .125 
Steffin 
Tumalo Med. loamy sand 15.75 20 22 -110 
1.85 24 3.25 135 
1.85 31 4.15 -134 
Cline Falls 
Ranch Medium sand 3 20 3.0 -150 


*Not included in average. 
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TABLE V. RESULTS OF OREGON DUTY OF WATER TRIALS (Continued) 


Total Yield Yield 
Plot amount of per per 
Year Project Soil area irrigation acre acre inch 
Rogue River Valley 
acres inches tons tons 
1920 Antelope clay 14 0 Sele = Taw 
adobe 14 5 4.53 -906 
14 12 5.09 424 
14 13.5 4.35 -822 
14 12 M. 10 T.3.39 208 
1921 Antelope clay 14 0 LiSGie" Sey ee 
adobe 14 5 1.91 -382 
14 10 PRephpe 222 
14 15 1.92 -128 
14 10M. 10:°T. 2.18 -213 
Willamette Valley 
1910* (Experiment 
Sta.) 
Corvallis Silty clay loam at 0 ZS ir a 
green 
1 10 16.9 1215 
green green 
1911 (Experiment 
Sta.) 
Corvallis Silty clay loam will 0 2 tae ee te 
oll 5 4.36 .872 
al 8 4.51 -564 
al 12 5.22 437 
1912* (Experiment 
Sta.) 
Corvallis Silty clay loam aL 0 AO Faas Ace 
green 
1 5 6.37 1.27 
green green 
1 10 10.37 1.03 
green green 
ail 12 1.62 .626 
green green 
1913 (Experiment 
Sta.) 
Corvallis Silty clay loam al 0 PAs ome Mee neers 
= 4 3.8 -950 
ol 6 4.2 700 
1 8 4.2 .525 
1914 (Experiment 
Sta.) 
Corvallis Silty clay loam 1 0 2! eee 
il 5 202 -440 
1 10 2.6 .260 
al 10 2.4 .240 
1916 (Experiment 
Sta.) 
Corvallis Silty clay loam ol 0 2:58 ta) ae) ee 
Ail 4 4.2 105 
A 6 5.2 .866 
si 8 4.2 .525 
1917 (Experiment 
Sta.) 
Corvallis Silty clay loam ef 0 Ste = a 
aT 5 4.23 845 
ol 7.5 5.31 708 
vik 10.5 5.31 -506 
1918 (Experiment 
Sta.) 
Corvallis Silty clay loam 1 0 elle ame eer 
1 8 5.7 le? 
1 12 7.3 608 
1 16 6.6 of: 83184 


*Not included in average. 
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TABLE V. RESULTS OF OREGON DUTY OF WATER TRIALS (Concluded) 


Total Yield Yield 
Plot amount of per per 
Year Project Soil area irrigation acre acre inch 
acres inches tons tons 
1920 (Experiment 
Sta.) 
Corvallis Silty clay loam | 0 S00 6 Oe 
of 5 5.3 1.006 
a 7 4.9 -700 
ol 9 5.4 -600 
1921 (Experiment 
Sta.) 
Corvallis Silty clay loam ail 0 8:6. - ~~ \weesee 
al 6 4.18 -696 
1 10 5.13 -513 
au! 14 4.43 .316 


Average Duty of Water by Valleys (Table VI). The duty-of-water 
data as summarized in Table VI show the quantity of water giving the 
maximum yield an acre inch for each trial, and the quantity giving a 
maximum yield an acre. While in some cases with rapid underdrainage 
it is practically impossible to irrigate alfalfa to the point where decrease 
in yield occurs, still beyond a reasonable amount of water the percentage 
of increase is very slight. The use of water, like the use of fertilizers 
and other farm treatments, is subject to the law of diminishing returns. 
The maximum profit is obtained by use of an amount a little short of 
the quantity that will give the maximum yield to the acre and a little 
more than the quantity that will give the maximum yield to the acre 
foot. From the experiments at Corvallis, the cost of production and irri- 
gation, and the crop value have been figured from year to year, so that 
the average amount of irrigation giving the maximum net profit has been 
determined. * 


TABLE VI. AVERAGE OF ALL REPRESENTATIVE DUTY OF WATER TRIALS— 
ALFALFA—IN OREGON 
Oregon Agricultural College Experiment Station—Department of Soils 


—————Quantity of water giving best returns——— 


Best return per unit of Maximum yield per 

No. of ae SS Water an at sacresland ae 
trials, Water Yield Water Yield 
3 plots used, per used per per 
Valley each acre acre acre acre 
in. tons in. tons 
Umatilla 15 36.0 6.19 60.0 6.90 
Powder 2 13.3 4.18 17.5 4.68 
Grande Ronde 1 14.3 6.50 14.3 6.50 
Wallowa 1 18.8 3.09 33.7 3.09 
Harney 8 10.2 3.26 14.7 3.84 
Chewaucan 3 7.6 2.60 19.3 3.50 
Klamath Basin 3 12.2 3.42 16.3 3.78 
Deschutes A 22.5 3.18 30.7 3.83 
Rogue River 5.0 3.22 11.0 4.15 
Willamette* (Corvallis) 0 5.5 4.37 9.06 5.04 
Average 58 15.54 3.96 24.15 4.49 


*Not included in average. 


Indicated Economic Duty by Valleys. As an average of 43 net- duty- 
of-water trials in Eastern Oregon the maximum yield an acre inch was 
secured with 15.5 inches and the yield of alfalfa obtained was 3.96 tons 
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an acre, while increasing the average depth to 25.15 inches gave the 
maximum yield an acre as approximately 4.5 tons as an average. 

In Umatilla Basin (altitude 500 feet; annual rainfall, 8 inches; 
sandy soils) 36 inches depth a year gave the greatest yield per unit of 
water, or an average yield of 6.19 tons, while 60 inches depth gave but 
6.9 tons as an average maximum yield an acre. 

In Powder Valley (loam soil, 3500 feet elevation, 13 inches annual 
rainfall) increasing the depth used from 13 to 18 inches, increased the 
yield half a ton an acre. 

Under similar conditions with the somewhat lower elevation of 
Grande Ronde Valley, 14.3 inches gave best returns. 


Fig. 12. Corrugation method of irrigation on new seeding. 


On fine sandy loam scil in Wallowa Valley with 20 inches annual 
rainfall and 4000 feet altitude, increasing the annual depth of irrigation 
from 19 inches to 34 inches increased the yield but very slightly. 

As a result of eight trials in Harney Valley on very fine sandy 
loam at 4100 feet elevation under annual rainfall of 8 to 10 inches, in- 
creasing the depth from 10.2 inches to 14.7 increased the yield .56 ton 
an acre. 

In Chewaucan and Klamath basins under similar conditions as in 
Harney Valley 12 to 19 inches was required. 

Trials on adobe soil in Rogue River Valley, with 1200 feet elevation 
and 20 inches rainfall, gave a maximum yield per acre inch with 5 
inches depth and a maximum yield an acre with 11 inches depth per 
season. 

Thirteen water-variation trials on medium sandy loam soils at about 
3000 feet elevation in Deschutes Valley, with rainfall of 12 inches a year, 
gave a maximum yield per acre inch of 3.18 tons with a net application 
of 22.5 inches; increasing the depth applied to 30.7 inches gave a maxi- 
mum yield an acre of 3.85 tons. 
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At the Home Station at Corvallis, on silty clay loam soil at 266 
feet elevation and in a sub-humid climate with 42.6 inches rainfall, ten 
water-variation trials resulted in an average maximum yield of 4.37 
tons per inch where 5.5 inches was used, and an average maximum yield 
per acre of 5.04 tons from use of 9.06 inches depth a season. 
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Fig. 13. Water capacity of soil classes. 


TABLE VII. WATER REQUIREMENT OF ALFALFA IN OREGON 
Oregon Agricultural College Experiment Station—Department of Soils 
Pounds water per pound 


dry matter 
with irrigations giving 


Best return Best return 
Total yearly Irrigation per per 
Valley precipitation per season acre inch acre 
in. in. lb. Tb. 
Chewaucan 15.55 23 1136 2432 
Harney 11.95 12 733 909 
Powder 13.20 12 660 756 
Umatilla 8.15 55 1040 1040 
Wallowa 18.49 25 1112 1639 
Klamath 13.89 12 674 858 
Willamette 42.16 8 725 769 


Water Requirement of Alfalfa. (Table VII). Since duty of water 
is an expression of ratio of water consumed to crops produced, the 
water cost or water requirement of varous crops is an expression of this 
ratio of water to crop. Irrigation requirement is used to refer to the por- 
tion of total water requirement needed to be supplied artificially. In 
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an arid country where rainfall and soil water are almost negligible the 
irrigation requirement will approach closer to the water requirement. 
The water requirement has been determined in most of the Oregon ex- 
periments. In the experiments at the Home Station the water cost for 
the plot which each year has given the maximum net profit has been 
calculated. The average for the plot giving the greatest profit for each 
year has also been determined for all years of the experiment. This 
average water requirement is 739 pounds of water to one of dry alfaifa, 
and is equivalent to 5.23 inches per ton of dry hay. This water require- 
ment has been closely approached in the Eastern Oregon field experi- 
ments. At the New Mexico Experiment Station under good conditions 
the water requirement of alfalfa was found to be 774 pounds per pound 
of dry matter. * At the Utah Station, it was near one thousand and 
increased with heavy irrigation. * 


Fig. 14. Irrigated vs. unirrigated alfalfa, Corvallis (September). 


Water requirement varies with a dozen or more factors, transpira- 
tion being the chief source of dissipation of water from cropped fields. 
The figures given herein represent the evapo-transpiration ratio and they 
have an important bearing on the duty of water. The water require- 
ment has been found to vary as much as 18 or 20 percent from year to 
year, just as crop yields vary with good seasons and bad seasons. Water 
requirement varies with the stand of crop and with the fertility of the 
soil and the tilth, is affected by the time and amount of irrigation, and 
varies with the climate. A low water cost will be realized where large 
yields are obtained and soil is of good tilth and fertility. It is believed 
that the water requirement is a very valuable indicator of the highest 
probable duty or crop-producing power of water. 


Crop-Producing Power of Water. (Table VIII). Using the average 
water cost of the most profitable plots at the Home Station at Corvallis, 
or 739 pounds per pound dry matter, equivalent to 5.23 inches per ton dry 
alfalfa, the water requirement for different yields has been calculated as 
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shown in Table VIII. It represents the crop-producing power of water 
under good conditions and indicates the highest probable duty of water. 
On this basis a three-ton arid region should need 15 to 18 inches of usable 
water, and a six-ton region, 30 to 36 inches. This applies fairly well to 
Eastern Oregon conditions and some of the other irrigated sections, 
With sub-irrigation, very high yield, very fertile soil, or in case of very 
coarse soil, this figure will require some qualification. 
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Figure 14. 


MOST ECONOMICAL AND MAXIMUM YIELD 


YIELD PER ACRE INCH 
AND 


MAXIMUM YIELD PER ACRE. 


Fig. 15. Effect of amount and frequency of irrigation, Corvallis plots. 


Figs. 16, 17, 18. Duty of water plots, Klamath. 
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TABLE VIII. CROP-PRODUCING POWER OF WATER—ALFALFA 


BASED ON GOOD AVERAGE WATER REQUIREMENT 
Ne ——————————————————— 


Yield per acre Acre inches required 

tons A. in. 

ik 5.23 

2 10.46 

15.69 

4 20.92 

5 26.15 

6 31.38 

us 36.61 


Fig. 19. Stacking alfalfa with nets. 


TABLE IX. EFFECT OF PROPER AMOUNT OF IRRIGATION ON WATER 
REQUIREMENT, ALFALFA 
Oregon Agricultural College Experiment Station—Department of Soils 


-——Dry—— _ —Light irrigaticn— —Med. irrigation— —Heavy irrigation— 
Water Irriga- Water __Irriga- Water Irriga- Water — 
Year requirement tion requirement tion requirement tion requirement 
in. in. in 

1910 T8558 922. 28, eee 10 ASS! ee Oe ena ees 
1911 814 5 622 8 730 lz 648 
1912 1317 5 996 10 726 12 1045 
1913 1111 4 716 6 $43 8 866 
1914 1785 5 1685 sani s pss, Saw eee 10 1606 
1916 815 4 553 6 583 8 667 
1917 473 5 571 5.5 416 10.5 568 
1918 by 8 365 12 366 16 489 
1920 474 5 464 iff 484 9 532 
1921 326 6 461 10 515 14 702 
10-year Aver. 880 5.2 715 8.5 572 1th 780 


Effect of Proper Irrigation on Water Requirement. (Table IX). 
The water requirement for the dry plots and plots with light, medium, 
and heavy irrigation for alfalfa at Corvallis for all years is summarized 
in Table IX to show the relation between the amount of irrigation and 
water requirement. A moderate amount of irrigation reduced the water 
requirement to considerably below that of the dry plots, for the water 
comes during the best growing weather. With heavy irrigation water 
is wasted and water requirement greatly increases. 

Economical use of water is important if the greatest net profit per 
acre is to be secured in growing alfalfa. The more water used the more 
woody, and the less water the richer the product in blood-and muscle- 
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forming elements. Over-irrigation injures the soil* and crops or may 
involve needless expense in application, reducing the net profit per acre. 


Effect of Fertilizer on Water Requirement and Irrigation Require- 
ment. (Table X.) As early as 1912 Oregon experiments which included 
fertility trials showed variation in yield per unit of irrigation water, 
and this was also recognized by Bark in his Idaho experiments. ™ 

Table X is arranged to show the effect of sulfates on alfalfa as de- 
termined at Redmond in 1912, and the increase in the yield an acre inch 
where fertilizers are applied. 

In these experiments wherever fertilizer was effective there was a 
large increase in the production of dry matter for the same amount of 
water applied, and this gave a decidedly better return per acre foot of 
water. It is entirely possible and very desirable under irrigation to 
build up the water capacity and available fertility of the soil so as to 
maintain a richer plant-food solution and enable the dry matter to be 


Fig. 20. Sulfur vs. no sulfur. 


TABLE X. RELATION OF SOIL FERTILITY TO ECONOMICAL USE OF 
IRRIGATION WATER 


Oregon Agricultural College Experiment Station, Irrigation Demonstration Farm, 
Redmond, 1912 


Irriga- : ; 
tion, Fertiliz- —Yield per— —-Gain in-— 
total ers per Acre of water Cost of Profit 
Crop depth acre Acre inch Yield T. Valuefertilizer (or loss) 
in. lb. tons tons 
Alfalfa 21 None 3.00 SIAR IS oe te, St eee ae 1h es eee a 
Alfalfa 21 Potas. sulf 3.96 -186 -96 8.68 4.00 4.68 
160 
Alfalfa 21 Gypsum 60 3.40 -162 AL 3.69 -45 3.24 
Alfalfa 21 Potas. cl. 160 3.27 -165 20 2.43 4.00 —1.57 
Old clover 24 None 3.33 BLS See CNR ea ge Mee mw WR 
Old clover 24 Potas. sulf. 5.04 -210 ig fat 15.39 4.00 11.39 
160 


Old clover 24 Gypsum 60 3.48 -145 25 2.25 45 1.80 
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produced at a more economical water cost. In other words, “the richer 
the soup the less. required” by the crop per pound of hay produced. 


Fertilizers for Alfalfa (Tables XI and XII). Fertilizer experiments 
on alfalfa in Oregon have been conducted for several years in the De- 
schutes Valley, in the Rogue River Valley in Southern Oregon, and at 
the Umatilla Branch Experiment Station; and some tests with sulfur and 
farm manure and rotation have been carried into the other valleys of the 
State in recent years. The results of some of the longer experiments 
are presented in Tables XI and XII. 
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TABLE XI. SUMMARY OF ALFALFA FERTILIZER TRIALS, DESCHUTES VALLEY 


Soils Department, Oregon Agricultural College Experiment Station. Trials mainly in 
1912 and 1918, ’19, 20 (Ave. all years.) 


Average 

increase Net value 
Average over of in- 

No. of Average rate per acre yield check crease at 

Fertilizer trials Applied Value per acre plot $20 a ton 

tons tons 

Sulfur 8 80 $3.20 4.85 1.73 $34.60 
Gypsum 10 52.5 37 3.75 .67 13.03 
Phosphorous 6 280 5.12 3.95 1.10 16.88 
Nitrogen 6 80 3.20 4.00 1.14 19.60 
Muriate of potash 4 140 13.90 3.09 -62 —.80 
Sulfate of potash 2 120 8.75 5.23' 1.33 17.85 


TABLE XII. FERTILIZER EXPERIMENT ON ALFALFA, MEDFORD, OREGON, 
SOIL EXPERIMENT FIELD* 


Yield per acre, 


—_——_——Treatment——_—__—_ average for six years 
Plot Fertilizer Amt. per acre 1916-1921 
lb. lb. 
i Check 0 987 
2 Sulfur 600 4073 
3 Sulfur 100 4610 
4 Sulfur 300 5240 
5 Gypsum 595 5740 
6 Mococo residue 1541 5450 
7 Monocalcic phosphate 317 1190 
8 Superphosphate 823 5210 
9 Muriate of potash 5384 10307 
10 Sulfate of potash 594 4890 
11 Check 0 1090 
12 Nitrate of soda 558 1150 
3 Sulfate of ammonia 423 5350 
14 Iron sulfate 870 5370 
15 Magnesium sulfate 782 5370 
16 Sodium sulfate 1033 4510 
17 Pyrites 263 1780 
18 Check 0 880 


*Wxperiment initiated by F. C. Reimer, superintendent of the Southern Oregon 
Branch Experimert Station. 


jAverage for 4 years only—1916-19. 


Experiments covering several years have increased the alfalfa yield 
to the extent of practically double the yield per acre foot from certain 
treatments. Sulfur has increased alfalfa yields by 1 to 2 tons an acre 
in most of the arid and semi-arid sections and will make at least 
1 ton increase on 100,000 acres of alfalfa in Oregon. 
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At the Umatilla Branch Experiment Station the use of eight tons of 
manure an acre, as an average of a four-year period, increased the al- 
falfa yield by 1.33 tons an acre, * and where so treated has given an in- 
crease of about a quarter ton per acre foot applied. A fertilizer experi- 
ment at the Harney Branch Experiment Station with alfalfa gives indi- 
cation that manure reinforced with acid phosphate will prove to be the 
best treatment there. 


Fig. 21. Effect of sulfates, Reimer plots, Southern Oregon Soils experiment field. 


Irrigation of Alfalfa for Seed Production. Light, frequent irrigation 
is best where alfalfa is grown for seed production in order that a 
uniform, moderate moisture content may be maintained. Much less 
water is required for seed production. At the Aberdeen Branch Station 
in Idaho, “ light irrigation and early clipping of the first growth was 
found to increase the seed yield. At the Gooding Branch Station in 
Idaho, “ light irrigation and clipping about May 1 in connection with seed 


Fig. 22. Original sulfate plots, Redmond, 1912. 
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production was found good; a thin stand with rows thirty-five inches 
apart was found desirable. As the plant comes to the blooming period, 
a lower moisture content to avoid secondary shoots and encourage ma- 
turity is believed desirable in production of alfalfa for seed. 


Fig. 28. Original sulfate plots, Redmond, 1912, sulfate of potash. 


Fig. 24. Original sulfate plots, Redmond, 1912, chloride of potash. 


Harvesting and Marketing. The irrigated region permits curing 
alfalfa hay so that a high-quality product can be realized. In harvesting 
care should be used to retain the leaves as these are the most nutritious 
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part of the hay; raking as soon as wilted is desirable as is placing in 
small cocks promptly to avoid excessive exposure to the sun and avoid 
bleaching. Grinding in order to condense the product is practiced to 
some extent where alfalfa is shipped, but in the interest of permanent 
irrigation agriculture, alfalfa should be fed out on the land to retain the 
fertility on the farm. Since alfalfa hay has high feed value, high fertiliz- 
er value is realized from farm manure produced in connection with the 
use of such feed which contains abundant protein. In earlier experi- 
ments irrigation of alfalfa had a beneficial effect upon the succeeding 
potato crop. Potatoes on irrigated alfalfa sod gave double the yield 
with a water requirement one-fourth less than did potatoes grown on 
unirrigated alfalfa sod land. Crop rotation with use of manure from 
the feed lot makes it possible to market the nitrogen and humus accumu- 
lated in the alfalfa sod in the form of cash crops; it also helps to avoid 
alfalfa pests. 
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SUMMARY 


Wheat is the most important crop in Eastern Oregon. About a 
million and a quarter acres are annually devoted to raising wheat in 
the eighteen counties east of the Cascade Mountains. 

Wheat is principally grown after summer fallow. The area sown 
to wheat, exclusive of the summer-fallowed area, is about equal to that 
of all other cereals and forage crops combined. 

Winter wheat generally outyields spring wheat, except under irri- 
gation. 

Nearly all Eastern Oregon soils are adapted to wheat growing. On 
the lighter soils of the drier areas, wheat has been found to be the farm- 
-er’s most profitable crop. 


PREPARATION OF SOIL FOR GROWING WHEAT AFTER FALLOW 


Experiments at the Moro Station show that fall disking of stubble 
reduces wheat yields. Spring disking before early spring plowing also 
does not pay. 

Spring disking before late spring plowing kills weeds, saves moist- 
ure, and increases yields. 

Burning stubble is likely to deplete the soil of needed vegetable 
matter and ultimately cause it to run together and be more subject to 
washing and gullying. Stubble should never be burned in the fall. 
The standing stubble holds snow and aids in getting moisture into the 
soil. 

Highest yields and best quality of wheat are produced on early- 
spring-plowed summer fallow. Careful experiments at Moro for nine 
years have proved that the average yields of winter wheat after early 
spring plowing were 6.3 bushels an acre more than after late spring 
plowing and 2.3 bushels an acre more than after medium early spring 
plowing. 

The total increase in yield for early over late plowing in nine years 
was 56.7 bushels an acre, or the equivalent of two and one-half years of 
crop on late plowing. 

Fall plowing and medium early spring plowing for summer fallow 
give similar yields. 

Late spring plowing for fallow produces low yields and soft wheat. 

The nine-year average yield of ten-inch over five-inch plowing at 
Moro was only .9 bushel of wheat. 

Mold-board plowing in the fall gave slightly higher yields of winter 
wheat than disk plowing in the fall at Moro. 

The summer fallow should be cultivated frequently enough and in a 
manner to prevent weed growth and maintain a cloddy mulch. 

The use of the subsurface packer at Moro did not increase wheat 
yields. The surface packer gave only slightly increased yields. 


SEED TREATMENT 


All present commercial wheat varieties should be carefully treated 
for stinking smut. For sowing in dry soil, the bluestone treatment is 
best. Formaldehyde-treated seed should be sown soon after treatment 
and in moist soil. 


Some smut-immune and several highly smut-resistant winter wheats 
have been produced at the Moro Station. 


TIME, RATE, AND DEPTH OF SOWING WHEAT 


Good, uniform stands of spring or winter wheat are always desir- 
able. Thin or irregular stands encourage weed growth and reduce yields. 

Early sowing of winter wheat at four to five pecks of treated seed 
an acre gave the highest yields at Moro. Generally deep seeding of 
winter wheat should be avoided. 

Early sowing of ‘spring wheat always pays. Most spring varieties 
should be sown at four to five pecks an acre. Large kerneled varieties, 
like Early Baart, should be sown thicker. 


CULTIVATION OF THE GROWING CROP 


Harrowing winter wheat in the spring generally reduces yields. The 
nine-year average yield of winter wheat at Moro was reduced one bushel 
an acre by spring harrowing. In three of these years an increased yield 
was obtained from the harrowed grain and in the other six years a 
decreased yield. If winter wheat is harrowed in the spring it should 
be done when the soil is not badly crusted or when the crust has been 
softened by rain. 


WHEAT VARIETIES 


There are forty-one commercial wheat varieties grown in Eastern 
Oregon. These could profitably be reduced to not over seven. 

The results of a varietal trial with forty-one wheat varieties at the 
Moro Station are shown in Table XI on page 27. 

The highest-yielding winter wheats were Kharkov, Argentine, Turk- 
ey No. 1571, Hybrid 123, and Hybrid 128. A brief description of these 
varieties is given on pages 26 to 29. 

The results of a varietal trial with spring wheat are given in Table 
XII. Early Baart, Hard Federation, and Federation spring wheats dis- 
tributed from the Moro Station have practically replaced Pacific Blue- 
stem spring wheat, the commonly grown variety in Eastern Oregon, with 
an increase in yield of from 20 to 30 percent. 

A comparison of the milling and baking values of five winter and 
five spring wheats is shown in Table XIII. Winter wheat produced more 
bushels to the acre but was not of as good milling quality as spring 
wheat. Kharkoy was the best milling winter wheat variety. Hard Fed- 
eration, Federation, and Early Baart are good milling spring wheats. 


Wheat Growing After Fallow 


in Eastern Oregon 
By 
D. E. STEPHENS and G. R. HYSLOP 


INTRODUCTION 


Wheat is the most important farm crop in Eastern Oregon. In the 
eighteen counties east of the Cascade Mountains there were in 1919, ac- 
cording to the United States Bureau of Census, more than 700,000 acres 
devoted to the raising of wheat for seed. There were also about 127,000 
acres of cereals, mostly wheat, cut for forage. As practically all wheat 
grown in this section is alternated with fallow, there were in 1919 at 
least 1,250,000 acres of land devoted to wheat raising for seed and per- 
haps an additional 100,000 acres were cut for hay. According to the 
census figures, the acreage in barley ranked second for the cereals in 
these counties with approximately 52,000 acres, rye third with 36,000 
acres, and oats fourth with 32,700 acres. 

There were also in these counties about 500,000 acres devoted to for- 
age crops other than cereals. The acreage in wheat for seed and hay, 
exclusive of the fallowed area, therefore, was about equal to that of 
all other cereals and forage crops combined. 

In Table I is given the annual and average production of spring and 
winter wheat* for each county in Oregon for the years 1919 to 1921, 
inclusive. There were six counties in the State with an average annual 
production in excess of a million bushels of wheat. Each of these coun- 
ties was in Eastern Oregon. In total average production for the three 
years, the counties rank as follows: Umatilla, Sherman, Morrow, Gilliam, 
Wasco, Union. 

The total average production of winter wheat in the State for the 
three years was about four and one-half times the total production of 
spring wheat. In most counties of the State, winter wheat considerably 
outyields spring wheat, as is shown in Table II. In the counties of 
high altitude where wheat is grown under irrigation the average acre 
yield of spring wheat is better than that of winter wheat. 

Since the Moro Experiment Staton’ was established, methods for 
culture of wheat in the Columbia Basin have changed largely because 
of practices worked out at the Experiment Station and varieties proved 
or introduced by it. 

The wheat crop of the Columbia Basin in Oregon is now much more 
certain than formerly. Yields are higher, and due to new summer-fallow 


*Production data furnished by F. L. Kent, Agricultural Statistician, Bureau of 
Markets and Crop Estimates, United States Department of Agriculture. 

+The Branch Experiment Station at Moro in Sherman County was established in 
1909. It is maintained cooperatively by the State of Oregon, through legislative appro- 
priation, and by the United States Department of Agriculture, through appropriation by 
the Office of Cereal Investigations of the Bureau of Plant Industry. The soil is a rep- 
resentative silt loam type of the Columbia Basin uplands and varies in depth from four 
to seven feet to the basalt. The annual average precipitation at Moro is 11.53 inches, 
practically all of which falls from September to June, inclusive. The average evaporation 
from a free-water surface for a seven-month period, April to October, inclusive, is 44.89 
inches. The average frost-free period at Moro is 145 days. 
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TABLE II. ACRE YIELDS, IN BUSHELS, OF WINTER AND “SPRING WHEAT IN 
OREGON, BY COUNTIES, FOR THE YEARS 1919°- TO 1921, INCLUSIVE 
—ee—eeEeEoE———EE—EEE—EEEEEEEE—EEEEEEE = — ee ee 

County ————Winter wheat———_-_—_ —--_Spring wheat 
1919 1920 1921 Average 1919 1920 1921 Average 


bu. bu. bu. bu. E E , b 
<a, pela bu bu bu bu 
Benton _. 20.0 22.0 13.0 20.0 14.0 13.0 15.0 15.7 
Clackamas 28.0 30.0 24.0 27.3 23.0 23.0 20.0 22.0 
Clatsop 36.0 30.0 25.0 30.3 31.0 25.0 20.0 25.3 
Columbia 26.0 30.0 25.0 27.0 24.0 30.0 20.0 24.7 

SO oe anos 24.0 30.0 30.0 23.0 23. 27.0 25.0 25.0 
Curry .... 15.0 25.0 25.0 21.7 13.0 20.0 20.0 Pi. 
Douglas - 13.0 16.0 20.0 13.0 15.0 14.0 15.0 14.7 
Jackson 21.0 20.0 22.0 21.0 13.0 15.0 16.0 14.7 
Josephine 16.0 16.0 20.0 17.3 10.0 12.0 14.0 12.0 
Lane 19.0 18.0 18.0 18.3 13.0 16.0 12.0 13.7 
Lincoln ae 14.5 20.0 20.0, 18.2 12.0 20.0 20.0 17.3 
EGR. Bae 22.0 17.0 18.0 19.0 15.0 15.0 14.0 14.7 
Marion. <5 ..-. —_ 25.0 23.0 22.0 23.3 19.0 19.0 15.0 17.7 
Multnomah 27.0 30.0 25.0 27.3 22.0 27.0 22.0 23.7 
(2D) a 22.0 23.0 21.0 22.0 17.0 19.0 15.0 17.0 
Washington Bs 29.0 26.0 25.0 23.3 20.0 23.0 20.0 21.0 
PRSCENRSEET A At saa 25.5 23.0 24.0 24.2 19.0 18.0 18.0 18.3 
Eastern Oregon— 

Baker 2 ee 13.0 20.0 20.0 17.7 17.0 22.0 18.0 19.0 
Crook ..... 15.0 12.0 20.0 15.7 12.0 20.0 20.0 17.3 
Deschutes 12.0 12.0 20.0 13.7 13.0 20.0 20.0 17.7 
Gilliam 12.0 16.0 24.0 17.3 9.0 14.0 16.0 13.0 
Grant 15.0 20.0 20.0 18.3 11.0 20.0 15.0 18.7 
Harney ._... 10.0 15.0 17.0 14.0 9.0 15.0 15.0 3.0 
Hood River 22.0 25.0 25.0 24.0 21.0 20.0 20.0 20.3 
Jefferson 9.0 11.0 18.0 12.7 5.0 9.5 12.0 8.8 
Klamath 11.0 15.0 18.0 13.7 11.9 15.0 20.0 15.3 
Sake 5 o2.-. 11.0 17.0 13.0 15.3 14.0 20.0 24.0 19.3 
Malheur 24.0 30.0 30.0 28.0 24.0 25.0 25.0 24.7 
Morrow 10.0 13.0 23.0 18.7 7.0 10.0 16.0 11.0 
Sherman 19.0 22.0 27.0 22.7 12.0 15.0 18.0 15.0 
Umatilla 24.0 23.0 30.0 27.8 15.0 20.0 13.0 17.7 
Union 22.0 27.0 26.0 25.0 14.0 20.0 20.0 18.0 
Wallowa 13.0 23.0 22.0 21.0 10.0 18.0 18.0 15.3 
Wasco ee 21.0 23.0 25.0 23.0 10.0 18.0 15.0 14.3 
0 PL or eS ae a 12.0 20.0 20.0 17.3 9.0 10.0 12.0 10.3 
fe AO gael tip ee ee 19.9 22.4 25.5 12.5 16.2 16.8 


methods and better varieties, much new land has been added to success- 
ful wheat production. 

This change is the result of early plowing, clean fallow, and drought- 
resistant wheats. There is now less loss from poor stands, dry years, 
and hot winds, and there is more production of wheat of better quality. 

Standardization of varieties is bringing increased yields with very 
little increase in production cost. 


SOILS 


Nearly all plow soils in Eastern Oregon are adapted to wheat 
growing. This crop, however, dees best on comparatively light sandy 
loam and silt loam types, but considerable wheat is grown on many of 
the heavier loam soils in the valleys of the Blue Mountain section. 
Where irrigation is practiced, alfalfa and other crops are generally 
grown, though considerable wheat has also been grown under irrigation 
during the past few years. On the lighter soils of the drier areas, wheat 
has been found on the average to be the farmer’s most profitable crop. 


CLIMATE 


In the counties of Oregon east of the Cascade Mountains there is a 
wide variation of climate. The annual precipitation varies from 7 to 25 
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inches. Temperatures also vary widely depending upon elevation and 
location. Low winter temperatures prevail over most of the area, and in 
the central and southern counties frost during the summer months is 
not uncommon. Winter wheat can safely be grown over most of the 
area. It is the only cereal except rye that will ordinarily survive except 
in a few favored localities where the winters are sufficiently mild to 
permit the growing of winter barley. 


PREPARATION OF SOIL FOR WHEAT 


Yields of wheat may: be markedly influenced by soil tillage methods. 
In Eastern Oregon, especially where the rainfall is 15 inches or less, 
nearly all wheat is raised after summer fallow. 

Summer-fallowing for wheat production has been practiced in Hast- 
ern Oregon for more than thirty years. Farmers found that higher 
wheat yields could be obtained by summer-fallowing than by continuous 
1915 1914 1915 1916 1917 1918 1919 1920 r92I 


Fig. 1. Chart showing annual yields, in bushels per acre, of Turkey winter wheat after 
early spring plowed fallow with ground disked in the fall and spring, prior to 
plowing, disked in the spring and not disked, at Moro, Oregon. See Table III. 

cropping. Many farmers in dry-land sections of Eastern Oregon have 

tried various crops as a substitute for fallow but usually without general 
success. Even in the most favored locations where cultivated crops can 
be profitably grown, farmers still practice summer-fallowing. They 
contend that the yields of such crops as corn and peas do not pay for the 
usual reduction in the yields of winter wheat as compared with growing 
this crop after fallow. Crops, like peas, requiring seeding at the time 
of spring plowing for fallow, or that are harvested during wheat harvest, 
have not proved popular with farmers. Late-harvested crops, like corn, 
especially in dry falls, may leave the soil too dry to insure proper seed 


germination of winter wheat. 
PREPARATION OF LAND BEFORE PLOWING 
Fall Disking 
Disking of the stubble in the fall has been advocated as a profitable 


practice when wheat is grown after fallow. Experiments at the Moro 
Station for a period of nine years indicate that disking of the stubble 
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ground in the fall is not a good practice. Fall disking destroys stubble 
and often results in the*blowing away of snow. Soil-mositure tests have 
shown that fall disking usually hinders rather than aids moisture penetra- 
tion. Yields of wheat obtained after early-spring-plowed summer fallow, 
on which the stubble was disked in the fall, have been less on the aver- 
age than yields from similar summer-fallow land not disked. The com- 
parative yields of Turkey wheat after spring-plowed summer fallow, 
disked in the fall and not fall disked, at the Moro Station for the years 
1913 to 1921, inclusive, are given in Table III. As is shown in this 
table and in Fig. 1, the annual yields of winter wheat from the fall- 
disked ground have been consistently less than the yields from the 
non-disked and spring-disked ground. Disking of stubble ground in the 
fall does not destroy enough of the plant growth to make spring cultiva- 
tion for weed eradication unnecessary, as many weed seeds do not germi- 
nate until spring. This is also true to a certain extent of volunteer 
wheat. 


TABLE III. ANNUAL AND AVERAGE ACRE YIELDS OF TURKEY WINTER 
WHEAT AFTER FALLOW PLOWED ON THREE DATES IN THE SPRING 
AND DISKED IN FALL AND SPRING, DISKED IN SPRING 
AND NOT DISKED PRIOR TO PLOWING 


Year and date Fall and spring 


of plowing disked Not disked Spring disked 
bu. bu. bu. 
April 1— 
1913 23.0 30.0 25.1 
1914 25.6 32.0 26.9 
1915 23.6 26.4 26.3 
1916 34.3 45.7 41.3 
1917 21.2 25.7 25.0 
1918 17.3 23.5 22.8 
1919 38.3 39.7 38.5 
1920 25.0 32.8 29.7 
1921 36.5 31.7 31.3 
Average 27.2 81.9 29.6 
May 1— 
1913 18.5 19:0 ee epee 
1914 27.8 25 Ol eles ree 
1915 PH 5) Pe Sg 
1916 35.1 33:0) ee 
1917 22.5 2455 — ee 
1918 19.2 Ai a 
1919 35.3 S000 eo ase 
1920 25.3 31,019.) » 1 eee: 
1921 36.7 25:8 ieee 
Average 27.5 VACUO i) i ih! 24 
June 1— 
1913 23.0 ect ee See 
1914 DEL Ol Gece ay ee 
1915 23.9 20:5 0 ee 
1916 34.3 CL 8 Se ae er ae 
1917 23.1 Ce eh oF ee. 
1918 20.3 25:0 See ee. Pere 
1919 32.3 19:5 BP te 
1920 29.0 yA i i oe ee 
1921 32.5 Ae = OR gener 
Average 27.3 oO Se ena 


Spring Disking 
When stubble is left standing through the winter a common farm 
practice is to disk it before plowing. The results of nine years’ experi- 
ments at Moro are shown in Table III, which gives yields of Turkey 
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wheat on land disked early in the spring, disked in the fall and spring, 
and not disked when plowed on three dates in the spring, early (April 1), 
medium early (May 1), and late (June 1). It will be noted from this 
table that spring disking did not increase the yields of wheat on the 
April plowing and that fall and spring disking did not increase the 
yields of wheat on the May plowing, but that fall and spring disk- 
ing significantly increased the yields on the late spring plowing. 
It is believed that the entire benefit resulted from the spring and not 
from the fall disking. From these experiments it appears that spring 
disking of stubble, unless it is unusually tall, is unnecessary if the 
ground is to be plowed’earlier than May 1. With tall stubble, disking 
may be of benefit in getting the stubble more completely covered, thereby 
causing less clogging of implements used to cultivate summer fallow. 
For late plowing, a thorough disking to kill all weeds and volunteer 
growth is always advisable. The annual yields of winter wheat obtained 
after summer-fallowed land plowed June 1 at Moro and disked and not 
disked are shown in Fig. 2. 


1915 1916 1917 1918 1919 1920 


1921 


Fig. 2. Chart showing annual yields in bushels per acre of Turkey winter wheat grown 
after fallow plowed late in the spring with ground disked in the fall and spring 
before plowing and not disked, at Moro, Oregon. 


Burning Stubble 


No experimental data are available in Eastern Oregon on the effect 
of burning stubble on yields of wheat. In certain sections of heavy straw 
growth, stubble burning is a common practice. This method is likely to 
deplete the soil of needed vegetable matter and ultimately cause it to 
run together and be more subject to washing and gullying. Stubble in 
the surface soil helps to prevent blowing on the lighter soils. It is claim- 
ed by farmers that it is difficult to cultivate summer fallow on which a 
heavy straw growth has been turned under. 

More experimental data are needed on this question. It will un- 
doubtedly be necessary at some time to add vegetable matter in some 
form so as to maintain the fertility and humus content of dry farm soils. 
Stubble should never be burned in the fall, as the standing stubble is of 


considerable value in holding the snow and preventing its being drifted 
by the wind. 


1] 
PLOWING 


No extended experiments have been conducted in Eastern Oregon to 
determine whether any implement will take the place of the plow in the 
preparation of summer fallow. On light sandy soils, thorough double 
disking may occasionally be sufficient cultivation, but generally plowing 
will be found necessary in order to eradicate weeds and make a proper 
seed bed for wheat. Careful date and depth of plowing experiments 
have been conducted at the Moro Station for a number of years. 


Time of Plowing 


Ground has been plowed for summer fallow on two dates in the 
fall—early, when the ground was dry; and late, when the ground was 
wet; and on three dates in the spring—early (April 1), medium early 
(May 1), and late (June 1). On each of these dates of plowing several 
methods, which will be discussed later, have been used in handling 
the summer fallow. In Table IV are given the average yields of eight 
tenth-acre plots plowed on two dates in the fall and three dates in the 
spring. The fall-plowed land is left rough over the winter, double disked 
in the spring, and the fallow treated during the fallow season in the 
same manner as the spring-plowed land. The yields given in Table IV 
are average yields of eight tenth-acre plots variously cultivated. Some 
of these were given no cultivation, some only one harrowing, and others 
frequent cultivation. 

TABLE IV. ANNUAL AND AVERAGE ACRE YIELDS OF TURKEY WHEAT 


AFTER FALLOW PLOWED ON DIFFERENT DATES AT MORO, OREGON, 
FOR THE YEARS 1913 TO 1921, INCLUSIVE 


—_—___—_—_———_Date of plowing and yield per acre—————_-— 


Early Medium-early Late Early Late 
spring spring spring fall fall 
Year (April 1) (May 1) (June 1) (Dry) (Wet) 
bu. bu. bu. bu bu 
1913 24.3 18.5 10:69 9 > tere 28 eee 
1914 28.9 25.8 21.5 23.7 21.2 
1915 25.9 25.2 21.4 22.6 22.5 
1916 40.9 38.7 35.1 37.6 31.2 
1917 22.3 21.4 23.1 20.6 20.3 
1918 21.3 22.5 22.0 18.9 16.8 
1919 37.5 31.2 21.8 31.9 32.3 
1920 31.7 30.3 26.1 27.4. 25.3 
1921 31.5 30.6 26.0 37.8 39.2 
9-year 
average 29.4 27.1 Oot a eek os fy eee 
8-year 
average 30.0 28.2 24.6 27.5 26.1 


It will be noted from Table IV that higher average yields of winter 
wheat were obtained from the early spring plowing. The yields obtained 
from plowing dry in the fall were on the average about equal to those 
obtained from plowing on May 1. The lowest yields were obtained from 
the late (June 1) spring plowing. A comparison of the annual yields 
obtained from the two dates of fall plowing and early spring plowing is 
shown in Fig. 3, and a comparison of the annual yields obtained from 
the three dates of spring plowing is shown in Fig. 4. 


12 ; 

Spring vs. Fall Plowing. In preparing ground for summer fallow, 
spring plowing is the general farm practice in Eastern Oregon. The 
results at the Moro Station indicate that spring plowing is a better 
method of preparing ground for summer fallow than fall plowing. 
Where farmers are unable to plow their ground comparatively early in 


1914 1915 1916 1917 1918 1919 1920 1921 


Fig. 8. Chart showing annual yields, in bushels per acre, of Turkey winter wheat grown 
after fallow plowed early in the fall, late in the fall, and early in the spring, at 
Moro, Oregon. 


the spring, some fall plowing might be advantageously done. This is 
most practicable on heavy soils. As is shown in Fig. 3, the yields of 
winter wheat at Moro obtained after early spring plowing exceeded the 
yields obtained after fall plowing every year except 1921. The yields 
obtained that year from the fall-plowed ground were considerably higher 
than those obtained from spring-plowed ground. The average yield for 
the eight years from spring plowing, however, was 3.2 bushels an acre 
more than the average yield obtained from the two methods of fall 
plowing. 

Of the two methods of fall plowing—early, when the ground was 
dry, and late, when the ground was wet—higher yields were obtained 
from the early or dry fall plowing. This is contrary to the general 
belief of many Eastern Oregon farmers, who assert that dry fall plowing 
is decidedly injurious. The ground at Moro is so*dry and hard after 
harvest in the fall that plowing before the fall rains is difficult. The 
ground usually turns up very rough and in large lumps. This soil con- 
dition is better from the standpoint of moisture absorption than a 
smooth, dusty surface, as is sometimes obtained from dry fall-plowing 
of loose soil. A fine dust mulch of any appreciable depth in the fall is 
very likely to hinder the penetration of the fall and winter precipitation. 


Early, Medium Early, and Late Spring Plowing. Due no doubt to 
the results obtained at the Moro Station, farmers in most of the dry- 
farming sections of Eastern Oregon are now plowing their ground con- 
siderably earlier in the spring than formerly. As is shown in Table IV 
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and Fig. 4, the annual and average yields for the nine years obtained 
from the three dates of spring plowing were greatly in favor of the 
early spring plowing except for the two years 1917 and 1918. The ap- 
parent reason for the failure of the early-spring-plowed ground in 1917 
and 1918 to produce yields higher than those obtained from a later plow- 
ing was an unusually thick stand and heavy straw and leaf growth on 
the early-plowed plots. This more quickly depleted the soil of its 
moisture and when followed by hot, dry weather after the grain headed, 
caused the plants to burn before the grain was ripe, resulting in shriv- 
elled or pinched grain. On the late-plowed fallow during those two 
years, there was a considerably thinner stand and smaller straw 
growth. As a result, there was less drain on the soil moisture. This 
permitted the plants to mature more slowly and ripen more normally. 
The widest variation occurred in the year 1919, when the average yield 
of the April-plowed plots exceeded the yield of the June-plowed plots by 
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Fig. 4. Chart showing annual yields, in bushels per acre, of Turkey winter wheat grown 
after fallow plowed early, medium early, and late in the spring, at Moro, Oregon. 
Yields for each year are average yields of eight one-tenth-acre plots with soil 
variously cultivated during fallow season. 

nearly 20 bushels an acre. Seasonal conditions cause variations in yield 

from year to year. Fig. 5 shows variation in plant size due to early and 


late plowing. 


Time of Ploying Affects Wheat Quality. For several years investi- 
gations have been in progress at the Moro Station on the effect of time 
of plowing and various tillage methods on the moisture and nitrate 
content of the soil. These investigations have shown that time of plowing 
and the method of handling the summer fallow have a marked effect not 
only on the moisture content of the soil but on the accumulation of 
plant food, especially nitrate-nitrogen. These in turn influence the habit 
of growth of the wheat plant and the yield and quality of the wheat. 
Late-plowed, weedy, or poorly cultivated summer fallow usually pro- 
duces soft or yellow-berried wheat, grading as Hard Winter, or Yellow 
Hard Winter. Early-plowed fallow if well cultivated usually produces 
harder and darker wheat which grades as Dark Hard Winter or occasion- 
ally Hard Winter. 


‘14 
Depth of Plowing 


There is a general belief among farmers that depth of plowing has 
a marked influence on wheat yields. While different types of soil may 
respond differently to deep and shallow cultivation, no experimental data 
in the Northwest indicate that very much is to be gained from deep 
plowing. At the Moro Station on a silt loam soil, an experiment has 
been in progress since 1912 to ascertain what effect deep or shallow 
plowing has on yields of wheat after summer fallow. In this experi- 
ment, spring wheat was used until 1920. For 1920 and 1921, Turkey 


Fig. 5. Upper row, representative plants of Turkey winter wheat grown on early- 
plowed and well-cultivated summer fallow. Lower row, same variety sown on the 
same date on late spring plowed summer fallow—higher yields and better quality 
of winter wheat are obtained after early-plowed, properly handled summer fallow. 
Late-plowed summer fallow or weedy summer fallow produces low yields and poor 


quality wheat. Photographed April 25, 1921. 
winter wheat was used. Four acres of ground were used in the experi- 
ment, two of which were in crop and two in fallow each year. Table V 
gives the annual and average yields of spring and winter wheat obtained 
on eight tenth-acre plots variously cultivated for the years 1912 to 1921, 
inclusive. The plowing was done each year some time during the first 
week in April, one acre being plowed five inches deep, the other ten 
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inches deep. It will be noted from Table V and Fig» 6 that the yields 
obtained from the ground plowed ten inches deep were slightly higher 
nearly every year. In two out of the nine years slightly higher yields 
were obtained from the shallow-plowed ground. The nine-year ayer- 
age yield was .9 bushel greater from deep plowing. Thus it ap- 
pears that plowing deeper than six to eight inches for wheat is rarely 
if ever advisable. It is sometimes recommended that the depth of plow- 
ing be varied from year to year. No experiments have yet been con- 
ducted to prove definitely that this is of any advantage. It is asserted 
that in certain types of soil a plow sole or hard-pan is likely to form if 
the ground is continually plowed at the same depth. There is yet no evi- 
dence of a plow sole or hard-pan in the soil of the Moro Station plots that 
have not been plowed deeper than five inches for the past nine years. 
Heavy soils when plowed wet may be more subject to hard-pan or plow- 
sole formations. 

1915 1914 1915 1916 1917 : g 22) 


Fig. 6. Chart showing yields, in bushels per acre, of spring and winter wheat grown 
after fallow plowed five and ten inches deep at Moro, Oregon. Yields for each year 
are averages obtained from eight one-tenth acre plots with fallow ground variously 
cultivated. Spring wheat was grown in 1913 to 1919, inclusive, and winter wheat 
in 1920 and 1921. 


TABLE V. ANNUAL AND AVERAGE ACRE YIELDS IN BUSHELS OF PACIFIC 
BLUESTEM SPRING WHEAT, EARLY BAART SPRING WHEAT, AND 
TURKEY WINTER WHEAT AFTER FALLOW PLOWED TEN 
INCHES DEEP AND FIVE INCHES DEEP AT MORO, 

OREGON, FOR THE YEARS 1912 AND 1914 
TO 1921, INCLUSIVE* 


-————— Yield per acre——————~— 
Shallow Deep 


plowing plowing 
Year (5 inches) (10 inches) 
S bu. bu. 
1912 14.9 15.2 
1914 15.0 13.3 
1915 15.6 16.8 
1916 29.4 31.1 
1917 15.9 19.1 
1918 13.3 13.8 
1919 22.0 214 
1920 22.0 24.5 
1921 35.8 37.4 
Average 20.4 21.3 Ts 


*Pacific Bluestem aveine wheat was grown in 1912 and from 1914 to 1917; Early 
Baart spring wheat, in 1918 and 1919; and Turkey winter wheat in 1920 and 1921. 
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Types of Plows 


There are two types of plows in general use in Eastern Oregon, 
the disk and the mold-board. During the years 1913 to 1919, inclusive, an 
experiment was conducted at the Moro Station to determine which of 
these plows was the better. Ground was plowed for summer fallow in 
the fall on two dates, early and late, with each type of plow. The yields 
obtained were as follows: 


Disk plows early: | Cdxy,)sceescescrsseeotac ee eee 
Disk plow, tlate! (weet) )iscc-c.cc0-s--csste-oe alt 
Mold-board, plow, early (dry) = 
Mold-board plow, late (wet)............-. sinad fees 


The results show that for the early fall plowing the mold-board plow 
was the better type. The yields of the check plots, however, show that 
the ground on which the early-fall-plowed mold-board series was located, 
was considerably better than that on which the late-fall-plowed series 
was located, so that the increased yield obtained from the dry fall- 
plowed ground may not be as significant as the figures indicate. The 
type of plow does not markedly influence the yield, if the plowing has 
been properly done. The mold-board plow is the type most commonly 
used and is probably the better one for most Eastern Oregon soils. 
Often on stony ground the mold-board plow cannot be used. On certain 
heavy or sticky soils and in Central Oregon where there are “slick” or 
alkali spots, the disk plow has been found a better implement than the 
mold-board plow. 


CULTIVATION OF SUMMER FALLOW 


Many types of implements are in general use in Eastern Oregon to 
cultivate summer-fallowed land after plowing. Their chief purpose is to 
kill weeds and volunteer grains and to create a mulch to conserve moist- 
ure. The most commonly used implements for this purpose are spike- 
tooth harrows, spring-tooth harrows, and blade or rod weeders, of which 
there are several types.* 


The first cultivation after plowing is usually with a spike-tooth 
harrow. If the soil is inclined to blow, the spring-tooth harrow is pre- 
ferred because it does less pulverizing. So far as is known, immediate 
or delayed cultivation after plowing has little influence on wheat yields 
if the cultivation is not delayed too long. As a general rule early-plowed 
ground may be left from three to four weeks after plowing without 
serious moisture loss. Some farmers follow the plow immediately with 
a harrow. There is no objection to this and it may be of some advan- 
tage except on very light soils which are inclined to blow. Immediate 
tillage of such soils may have the undesirable effect of leaving them too 
finely pulverized. A common practice is to start harrowing the ground 
after plowing is completed. This usually leaves some of the ground un- 
ees from five to six weeks after plowing. This is probably too 
ong. 

At the Moro Station, three methods of handling the summer fallow 
have been tried on several different dates of plowing and on two depths 


*Dry-tarm tillage mmplements are described in Farmers Sufletin 1047 vf ch 
U. S. Dept. of Agri., by Byron Hunter. 5 om rf : 
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of spring plowing. The average yields obtained are shown in Table Wik, 
and the annual yields from the three methods of cultivating fallow on 
early spring plowed ground are shown in Fig. 7. 


Good Fallow is Free From Weeds 


In Table VI, the yields of wheat shown under “Frequent cultivation” 
were obtained after fallow harrowed twice immediately after plowing, 
harrowed again about thirty days later, and then kept free from weeds 
with a rod weeder. The fallow was usually weeded from two to four 
times each season. Sometimes two cultivations were sufficient, but usual- 
ly three and sometimes four were necessary to keep the ground free 
from weeds. The ground receiving one harrowing was harrowed im- 
mediately after plowing and received no further cultivation. The weeds 
were hoed off by hand before they matured seed. The ground receiving 


1919 1920 


Fig. 7. Chart showing yields of Turkey winter wheat at Moro, Oregon, grown after 
three methods of handling summer fallow on early spring-plowed ground: frequent 
cultivation, one harrowing only after plowing, and no cultivation after plowing. 


no cultivation was not touched with any implement after plowing and the 
weeds which grew on the fallow were hoed off before they matured seed. 
Fig. 8 shows the superior growth on well-prepared summer fallow. Ta- 
ble VI shows that the yields obtained after the clean or frequeatly culti- 
vated summer fallow were considerably higher for the grsund plowed 
April 1 and also slightly higher for the ground plowed on May 1. For 
the ground plowed as late as June 1, the cultivation of summer fallow 
had no beneficial effect, the yield being practically identical for the three 
methods of cultivation. The results show no benefit in cultivation of dry 
spring-plowed ground. For spring wheat, there was only a very slight 
difference in favor of the frequent cultivation of the summer fallow. 

Farmers have found it a good practice to harrow immediately before 
sowing winter wheat. This operation smooths and firms the surface, 
making a better seed bed, which usually means a better stand of wheat. 
Harrowing before the drill kills many weeds that have started. Harrow- 
ing winter wheat after sowing usually is not advisable. 

Hoe drills are preferred by most farmers for sowing winter wheat. 
This type of drill leaves the wheat in a small furrow and the ground more 
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rough than when a disk drill is used. The small furrows hold the snow 
and afford some protection to the young plants, and the rough surface 
tends to cause less running together or crusting of the soil in the spring. 
These advantages would be lost if the ground were harrowed after drill- 
ing. Harrowing after drilling occasionally may be beneficial if sprouted 
weeds can be killed without injuring the wheat. 


Fig. 8. Turkey winter wheat sown on poorly cultivated fallow on left and on properly 
cultivated summer fallow on right. Note thinner stand and less thrifty growth of 
plants on poorly cultivated summer fallow. Photographed April 25, 1920. 


TABLE VI. AVERAGE YIELDS OF WINTER AND SPRING WHEAT AT MORO, 
OREGON, GROWN AFTER FALLOW GIVEN NO CULTIVATION, ONE 
HARROWING, AND FREQUENT CULTIVATION FOR THE 
YEARS 1913 TO 1921, INCLUSIVE 


————_——__----—— Yield per aere—— 
Frequent 


Crop and date of plowing No cultivation One harrowing cultivation 
bu. bu. bu. 
Winter wheat— 
Plowed(p April Olvcecc ee ee eee 26.6 27.2 31.9 
Plowed May 1.. 25.9 26.2 var 
Plowed June 1..... 22.4 22.6 22.9 
Fall plowed early.. Pe wee a eee 24.9 29.5 
Falluplowed *late7422....5200n ee eee 26.2 26.3 
Spring wheat— 
Shallow sspring plowed:...2.-.-. ee 19.6 19.5 20.6 
Deep spring plowed..................000....... i 20.2 20.6 20.7 


The Use of Packers 


The use of surface and subsurface packers has been quite widely ad- 
vocated as being beneficial in conserving moisture and in increasing 
wheat yields under dry-farming conditions. Experiments with these 
packers have been conducted at the Moro Station for a nine-year period, 
1913 to 1921, inclusive. The average yields of wheat obtained are shown 
in Table VII, and the annual yields for the early spring-plowed plots in 
Fig. 9, The packers were used in different dates of plowing for summer 
fallow and on ground plowed at different depths for summer fallow. 
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Table VII shows that the subsurface packer had no significant influ- 
ence on wheat yields, the average yield for the winter wheat being six 
pounds an acre more for the ground not packed. The surface-packed 
plots show a slight increase in average yield for both winter and spring 
wheat. For the spring wheat, the use of the Campbell packer shows a 
slight increase in yield per acre but not enough to be significant when 
the yields of the uniformly cultivated check plots are taken into consid- 
eration. 


TABLE VII. AVERAGE ACRE YIELDS OF TURKEY WINTER WHEAT GROWN 
AFTER SUMMER FALLOW, PLOWED APRIL 1, MAY 1, AND JUNE 1, 
PACKED WITH SURFACE AND SUBSURFACE PACKERS 
FOR THE 9-YEAR PERIOD, 1913 TO 1921 


Time of plowing and Not Subsurface Surface 


cultivation of fallow packed packed packed 
bu. bu. bu. 

FO G8 eo ET th 1c 31.7 Sid 82.2 
April 1, one harrowing... brs 27.2 28.5. 9" Ie, CESS 
May 1, clean fallow..... Ap gly 28.4 28.6 
May 1, one harrowing. 26.2 4 i he Ro 
June 1, clean fallow ... Yr 22.9 Payer 22.4 
June 1, one harrowing....................----- 22.6 Q2I5 pe % em me, 's-25e8 
Sy CEL GY Crean ean Soe a deaa a ciaca rasa ices apenses 26.4 Pe ee a ee pees, 


Pacific Bluestem and Early Baart spring wheats, and 
Turkey winter wheat, 1912, 1914-1921 


Shallow plowing, clean fallow............ 20.6 2122 22.2 
Shallow plowing, one harrowing........ 19.5 19-358 00 SS eee 
Deep plowing, clean fallow Ps 21.6 23.1 24.9 
Deep plowing, one harrowing............ 20.6 YAU ee eS eee 

LNA A oe Bent nt ae, ees 20.6 DleS re Pee Worse 


1917 gis ——s919 
] 


Fig. 9. Chart showing annual acre yields of winter wheat after early spring-plowed 
fallow packed with a subsurface packer after plowing and not packed at Moro, 
Oregon, for the years 1913 to 1921, inclusive. 


Numerous tests have been made at Moro to determine whether the 
use of the subsurface packer aids in conservation of moisture. Soil 
samples have been taken at about thirty-day intervals during the sum- 
mer-fallow season on adjacent packed and non-packed plots, and the 
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results show that packing has practically no influence on moisture con- 
servation. In Table VIII are given the annual and average percentages 
of moisture in the soil, based on dry weight, for the surface foot and for 
a depth of six feet, at the beginning and end of the fallow season for 
the years 1919 to 1921, inclusive. The data in Table VIII are for ground 
plowed on April 1. The average nine-year yield of these clean-fallowed 
plots as indicated in Table VII was 31.7 bushels for the non-packed plots 
and 31.1 bushels for the subsurface-packed plots. 

TABLE VIII. PERCENTAGE OF MOISTURE IN THE FIRST FOOT AND TOTAL SIX 

FEET OF SOIL AT THE BEGINNING AND END OF THE FALLOW SEASON, 


PACKED WITH A.SUBSURFACE PACKER AND NOT PACKED, 
FOR THE YEARS 1919 TO 1921 INCLUSIVE 


On April 1 On September 4 
ot Not Not Not 
Packed packed Packed packed Packed packed Packed packed 
Year 1st foot 1st foot Total6 ft. Total6ft. 1stfoot 1stfoot Total6 ft. Total 6 ft. 


% %o % To Jo % Jo Jo 
1919 13.6 4.3 11.5 11.6 12.9 2.4 11.3 11.8 
1920 12.2 12.7 10.5 10.8 8.5 8.5 10.7 10.8 
1921 14.2 16.1 12:9 12.9 9.8 9.7 11.5 11.3 
Average 13.3 14.4 ANB 11.8 10.4 10.2 ible 11.3 


PREPARATION OF THE SEED 


All seed wheat should be thoroughly recleaned with a fanning-mill 
before sowing. This operation should take out all weed seeds and most 
of the light, cracked, or injured kernels. Plump seed especially of winter 
wheat is always to be preferred over shrunken seed, as the germination 
of plump seed generally is stronger. A better stand is more likely to 
be obtained if plump seed is sown. Shrunken seed is more susceptible 
to injury from the threshing machine and from treatment for smut. 


SEED TREATMENT 


No commercial variety of wheat is sufficiently resistant to bunt or 
stinking smut that it can be safely sown anywhere in Oregon without 
seed treatment. The two methods of seed treatment most widely used 
are the formaldehyde and copper sulfate (bluestone) treatments. Hither 
of these treatments, if properly done, will control stinking smut in all 
sections of Eastern Oregon except in a few localities where there may 
be soil infection from wind-borne spores. . 

Seed wheat may be infected with smut by the smut dust or spores 
adhering to the seed or by wind-borne spores being deposited on the 
surface of summer-fallowed soil prior to sowing the wheat. In Eastern 
Oregon infection usually occurs from spores on the seed. These spores 
can be killed by seed treatment. A solution of 1 pint of commercial 
formaldehyde to 45 gallons of water, or 1 Ib. of bluestone to 10 gallons of 
Woler followed by a dip in lime-water will effectively control stinking 
smut. 


SEED INJURY 


It has been found that seed wheat is frequently injured by either the 
formaldehyde or the bluestone treatments, the extent of injury to germi- 
nation largely depending upon the damage done to the seed by the 
threshing machine. The cylinder, concave teeth, and screw conveyors of 
the threshing machine may crack or break the seed coat of the kernel. 
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This injury is not always apparent to the naked eye. The germ of the 
kernels so damaged may be killed or seriously injured by seed treatment. 
Extensive seed-treatment experiments with hand- and machine-threshed 
seed are reported in Oregon Agricultural College Experiment Station 
Bulletin 188.* As is shown in this bulletin, injury to formaldehyde- 
treated seed wheat is considerably lessened by an after dip or wash in 
clear water, and injury to bluestone-treated seed is also greatly reduced 
by an after dip in lime-water of the strength of one pound of lime to 10 
gallons of water. 

For sowing in dry ground bluestone-treated seed is best. Formalde- 
hyde-treated seed should be sown soon after treatment and in soil moist 
enough to start germination promptly. A dilute solution of formaldehyde 
does not decrease in strength when left in an open vessel. In treating 
with either formaldehyde or bluestone directions should be closely fol- 
lowed. Failure to do this may result in a thin stand of wheat or a com- 
plete failure. 

SMUT-RESISTANT WHEATS 


A number of new smut-resistant winter wheats have been discovered 
at the Moro Station, some of which appear to be totally immune to 
stinking smut and others very highly resistant. It is hoped that some 
of these will prove to be high-yielding varieties. A variety of wheat 
sufficiently resistant to stinking smut so that it can be safely sown with- 
out treatment will mean the annual saving of many thousands of dol- 
lars to the farmers of Oregon. 


TIME, RATE, AND DEPTH OF SOWING 
WINTER WHEAT 


The yields of both winter and spring wheat may be affected by time, 
rate, and depth of sowing. The time and depth of sowing are especially 
important. The stand of wheat obtained depends upon the moisture con- 
tent and temperature of the soil, the time and depth of sowing, the 
method of treating the seed for smut, the variety, and the rate at which 
it is sown. 

Time of Sowing 


In many sections of Hastern Oregon, the fall rains do not come 
early enough to make conditions favorable for sowing winter wheat. 
Elaborate experiments at the Moro Station indicate that if there is enough 
moisture in the ground to insure prompt germination, the highest yields 
of winter wheat are usually obtained from sowing it some time between 
the middle of September and the middle of October. In Table IX are 
given the yields of Turkey winter wheat sown at varying rates from 
2 to 8 pecks an acre, inclusive, on five dates in the fall, for the years 
1916 to 1921, inclusive. The highest average yields for the six years 
were obtained from the two earliest dates of sowing, September 17 and 
October 2. The average yield obtained from the third date, October 14, 
was only slightly lower than that obtained from the earlier dates. The 
average yields obtained from the two later dates of sowing, October 30 
and November 19, were much less than those obtained from the three 


*The Wheat Bunt Problem in Oregon, Oregon Agric. Col. Exp. Sta. Bulletin No. 
188, by D. E. Stephens and H. M. Woolman. 
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earlier dates, indicating that winter wheat to get maximum yields should 
be sown, in the location of Moro, before October 30. This date will vary 
for different localities, earlier seeding being preferable at higher eleva- 
tions. To get maximum yields of winter wheat, it is necessary to have 
it up well before the cold winter weather begins. 


Sowing in the Dust 


Experiments at Moro and the experience of farmers show that there 
is little if anything to be gained by sowing winter wheat in ground so 
dry that germination will not take place promptly. Wheat that has been 
treated with formaldehyde if sown in dry ground or “in the dust” may 
rot before it emerges. It has been found that the bluestone treatment is 
more satisfactory if wheat is to be sown in dry ground. Treated seed 
should be dry before being sown in the dust. During certain seasons, 
winter wheat may have to be sown in dry ground if sown at all. Under 
such conditions, seeding should be done at least thirty days before freez- 
ing weather is expected and more seed should be used. 

In the experiments to determine the best rate and date of sowing 
winter wheat, as reported in Table IX, there were two years of the six 
when winter wheat sown in September and early October did not come 
up until after the fall rains. During two of the years, therefore, the 
first three dates of sowing came up at the same time. For the other four 
years, emergence took place within ten to twenty days after sowing the 
wheat. Winter wheat, if sown late in October or in November at Moro 
frequently will not come up until spring. 


Amount to Sow 


As is shown in Table IX, there was not a wide variation in the aver- 
age yields obtained from the different rates of sowing Turkey wheat. 
The rate shown in the table is for seed treated with formaldehyde. Wheat 
after being treated or dipped in water always increases in volume from 
20 to 30 percent and does not run through the drill as readily as dry 
seed. In terms of dry seed per acre, the amount indicated in the table 
should be reduced by about one-fourth. 

The highest net average yield was obtained from sowing wheat with 
the drill set to sow five pecks of treated seed to the acre or approxi- 
mately one bushel of dry seed. Experience of farmers in the Columbia 
Basin of Oregon indicates that this is usually about the best rate to 
sow winter wheat except on the shallower soils, on which thinner seed- 
ing is desirable. Many farmers use the same rate on deep and shallow 


parts of the field and attribute the early burning on shallow ground to 
frost. 


Conditions Affecting Rate of Sowing 


The rate of sowing must be varied according to the time of sowing, 
condition of the seed bed, method of handling summer fallow, and the 
viability of the seed. Certain varieties also require thicker seeding than 
others, because of larger seed or less stooling. Seed sown early when 
the ground is warm and with sufficient moisture for prompt germination 
can be sown at a thinner rate than when sown in dry ground or late in 
the season when the ground is cold. A finely pulverized and well-packed 
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seed bed will not require as thick a rate of seeding ‘as a seed bed that 
is rough or too loose. Early-plowed and well-kept fallow does not require 
as thick sowing as late-plowed or poorly handled fallow. Wheat does 
not stool or tiller well on improperly handled fallow, because of the 
lack in such fallow of available plant foods, especially nitrate-nitrogen. 
A thin stand of wheat on early plowed and well-tilled fallow may be 
partly or wholly made up by extra stooling or tillering. If the wheat 
has been injured by seed treatment, as can be ascertained by a germina- 
tion test, it should be sown more thickly than uninjured seed. Changing 
from copper sulfate to formaldehyde for seeding in damp soil or chang- 
ing from either to copper carbonate is likely to result in too thick stands 
because of less seed injury. 


Sow Wheat Shallow 


Experiments at Moro and elsewhere have indicated that winter wheat 
should be sown shallow. This is especially true of late seeding when 
the ground is cold. If the wheat is planted deep in cold ground, it is 
almost sure to rot. Occasionally winter wheat may be safely sown three 
or four inches deep if sown early in well-cultivated summer fallow. This 
may sometimes be necessary to get the seed below the dry mulch into 
moist soil. In such cases more seed should be used, as many sprouts 
will not reach the surface. Generally it has been found safer not to 
sow wheat more than one to one and a half inches deep. Late fall sowing 
should always be shallow. 


TABLE IX. AVERAGE ACRE YIELD IN BUSHELS OF TURKEY WINTER WHEAT 
IN THE RATE OF SEEDING EXPERIMENT AT MORO, OREGON, DURING 
THE SIX-YEAR PERIOD, 1916 TO 1921, INCLUSIVE 


Rate 


in — Average date of sowing—-—MHW_— Net* 
pecks Sept. 17 Oct. 2 Oct. 14 Oct. 30 Nov. 19 Average average 
2 29.9 34.3 31.6 22.1 19.4 27.5 27.0 
3 35.8 33.9 3205 22.6 20.1 29.0 28.2 
4 32.7 33.0 32.1 26.6 22.3 29.3 28.3 
5 34.5 37.2 31.1 26.6 23.9 30.7 29.4 
6 33.9 $2.5 30.7 26.8 23.9 29.6 28.1 
Y/ 35.5 32.7 S2a8 28.2 24.0 30.5 28.7 
8 34.6 30.4 33.1 27.8 23.5 29.9 27.9 
Average 33.8 33.4 31.9 25.8 22.4 29.5 28.2 


* Average yield, less quantity sown. 


SPRING WHEAT 


Extensive tests at the Moro Station and results obtained by farm- 
ers in Eastern Oregon indicate that spring wheat should be sown as 
early in the spring as possible. The rate of sowing depends upon the 
variety, time of sowing, and the condition of the seed bed. For most 
varieties, the sowing of from 4 to 5 pecks an acre has been found to 
give best results. Some large-kerneled varieties like Early Baart require 
thicker seeding. The rate of seeding also should be varied in different 
sections depending upon the annual precipitation and the depth of soil. 
For shallow soil or for locations with light rainfall, thinner seeding is 


advisable. 
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CULTIVATION OF THE GROWING CROP 


Winter wheat is sometimes harrowed in the spring in the Columbia 
Basin. Extensive experiments to ascertain whether this practice is 
beneficial or injurious have been carried on at Moro for nine years. The 
average yields obtained in these experiments are shown in Table X. 
The annual yields are shown in Fig. 10. As will be seen from Table X, 
the experiment was repeated five times on different methods of plowing. 
Where one plot was harrowed, an adjacent plot was not harrowed. The 
average yields for the nine-year period show that the acre yield of 
winter wheat was reduced one bushel by harrowing in the spring. Fig. 
10 shows that there was one year (1919) when an increase in yield of 
winter wheat was obtained by spring harrowing. There were also 
two other years, 1915 and 1921, when a slight increase in yield was 
obtained. There may be certain soil types and conditions when harrow- 
ing winter wheat is justified, but the results of experiments in dry-land 
sections, as well as results by farmers, indicate that the practice more 
frequently reduces rather than increases yields of winter wheat. 


Fig. 10. Chart showing acre yields in bushels of winter wheat harrowed in the spring 
and not harrowed at Moro, Oregon, for the years 1918 to 1921, inclusive. 


The purposes to be gained in harrowing winter wheat are (1) the 
killing of weeds and (2) the breaking of the crust and forming of a 
mulch to conserve moisture. It is not often that very many weeds can 
be killed by spring harrowing and as a general rule the mulch created 
by harrowing is of little benefit in moisture conservation. Harrowing 
crusted land often sets back the ripening of the crop. This may be due 
to covering the plants with clods and also to breaking of roots. If winter 
wheat is harrowed in the spring, it should be when the soil is not badly 
crusted or when the crust has been softened by rain. It is never advis- 
able to harrow or cultivate spring-sown grain after emergence. Spring- 
sown grain may frequently be safely harrowed five or six days after 
sowing but harrowing after the grain is up is likely seriously to reduce 
the stands by tearing out the young plants. 
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TABLE X._ AVERAGE ACRE YIELDS IN BUSHELS OF TURKEY WINTER WHEAT 
ARROWED IN THE SPRING AND NOT HARROWED AT MORO 
OREGON, FOR THE YEARS 1913 TO 1921, INCLUSIVE 


Yield per acre 


Date and method of plowing BRarrowed Not harrowed 
bu. bu. 
LOWE CRRA DU Ll guleen cee Na Pe Bi Heat tre yh eee So gs 30.1 31.9 
Plowed May 1 26.8 27.7 
Plowed June 1 22.8 22.9 
Plowed in fall, early (dry) 28.1 29.5 
Plowed in fall, late (wet) 25.5 26.3 
DNS Le op NS NO Sol) Oy cob OM dR DA REAL, SAR Sv oe 26.6 27.6 


WHEAT VARIETIES 


In the economic production of wheat, a variety which will give 
maximum yields with no additional expense, is greatly to be desired. 
There is no deubt that wheat yields can be greatly increased in Eastern 
Oregon by the growing of better adapted varieties. 

A wheat survey of Eastern Oregon shows that there are commercial- 
ly grown five varieties of hard red winter; eight of soft red winter; two 
of hard red spring; eleven of common white; twelve of white club; and 
three miscellaneous kinds of wheat—a total of forty-one varieties, the 
majority of which are inferior in yield, quality or both. 


OREGON GROWS TOO MANY VARIETIES 


The elimination of all varieties of hard, red spring and the replacing 
of them with Federation, or Hard Federation, the dropping of all the 
miscellaneous and practically all soft red winter varieties and the re- 
duction of the numbers in all other classes will give larger average yields 
and decrease the amount of mixed wheat. 


STANDARD VARIETIES 


Turkey and Hybrid 128 will take care of most of the present winter 
wheat needs. Hard Federation and Federation will, when seed is avail- 
able, be best for general spring planting. Until Federation and Hard 
Federation are more abundant, Early Baart will be generally used and 
results show it to be a superior wheat in high, dry sections of south- 
eastern Oregon. 

Other varieties in most cases mean reduced yields. The dropping 
out of culture of all varieties except these five and possibly Jenkin Club 
and Triplet for limited areas, will mean better returns for Eastern Ore- 
gon wheat farmers. Standard varieties without mixture give the highest 
yields and bring the best prices. 

Extensive experiments have been conducted at the experiment sta- 
tions at Moro in Sherman county and at Burns in Harney county to de- 
termine the highest-yielding winter and spring wheat varieties for East- 


ern Oregon. 
WINTER WHEAT 


At Moro many hundreds of wheat varieties have been grown in short 
rows and in larger field plots and several varieties have been discovered 
that have given higher acre yields than the varieties formerly grown 
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in this section. The winter wheat varieties which have been tried in field 
plots for two years or more are listed alphabetically in Table XI with 
their annual and average acre yields. These varieties have been 
carefully tried under comparable conditions. Those that were not es- 
pecially promising because of low yield, weak straw, or shattering, after 
a two years’ trial were discarded. A few commercial varieties that gave 
comparatively low yields, like Fortyfold, have been continued in the 
varietal trials. All of them were grown after well-prepared summer 
fallow. There are yields for only three varieties in 1913. Because of 
the inability to get stands of many of the varieties that year, an accurate 
comparison of most of them was not obtained. The varieties in 1912 
were grown in single tenth-acre plots and from 1914 to 1921 inclusive, 
in triplicate twentieth-acre plots. 

In the last column of Table XI, the yield of each variety is expressed 
in the percentage of the yield of the local Turkey wheat. The local 
Turkey wheat was the Turkey variety grown in the vicinity of Moro at 
the time of the establishment of the Station. As will be seen from this 
table, several varieties of wheat, which have been in the trial for five 
or more years, have exceeded the local Turkey wheat in yield by from 
5 to 9 percent. Several of these are of the Turkey or Crimean group, 
hard red winter wheats that have proved very successful in all dry-land 
sections of the United States. The Kharkov variety, C. I. 1442, which has 
on the average yielded 8 percent more than the local Turkey, has been 
distributed from the Moro Station and is now being widely grown 
throughout Eastern Oregon. 


Description of Leading Varieties 


The Turkey or Crimean Wheats. Turkey wheat was introduced into 
the Columbia Basin of Oregon by farmers about 1906 or 1907. On 
account of its high yield, winter-hardiness, good quality, and smut-re- 
sistance, the variety rapidly gained in popularity until the Turkey and 
allied varieties are now the leading winter wheats grown in Eastern 
Oregon. There were more than 150,000 acres of Turkey and related 
varieties grown in Eastern Oregon in 1921. According to a varietal sur- 
vey made by the Office of Cereal Investigations of the United States De- 
partment of Agriculture, 29 percent of all the wheat produced in the 
United States in 1919 was Turkey or some strain of Turkey. Consider- 
able work has been done with this variety by experiment stations through- 
out the United States, and many improved strains have been produced. 


Kharkov (C. I. 1442). This variety is a high yielding Turkey wheat. 
At the Moro Station for a ten-year period, it has exceeded the yield of the 
local Turkey wheat by 8 percent. Kharkov was originally introduced into 
the United States from Russia by the United States Department of 
Agriculture. 


Argentine (C. I. 1569). This is another wheat of the Turkey type 
that has been a high yielder at the Moro Station. Its average yield for 
a ten-year period has been 8 percent higher than that of local Turkey. 


Turkey (C. I. 1571). This is a strain of Turkey wheat that at the 
Moro Station during a ten-year period has exceeded the yield of the 
local Turkey 7 percent. A selection from this wheat which is highly 
resistant to stinking smut is being increased and tested for yield. 
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Kanred (C. I. 5146). This is a pure-line selection from Crimean, 
made by the Kansas Experiment Station several years ago. It has proved 
to be a much higher yielding wheat in parts of Kansas and other sec- 
tions of the Great Plains region. During the time it has been in the 
trial at the Moro Station, it has not equalled the yield of the local Turkey 
and several other varieties. 


The Washington Hybrid Wheats. Several of the Washington Experi- 
ment Station’s hybrid wheat varieties are grown commercially in Eastern 
Oregon. These in the order of their total production are Hybrid 128, 
Hybrid 68, Hybrid 143, Triplet, and Hybrid 123. All these hybrid wheat 
varieties are very susceptible to stinking smut. 


Hybrid 128. This variety, often called White Hybrid, is a cross be- 
tween Jones Fife and Little Club. It has been in the varietal trials at 
Moro for a four-year period and during that time has exceeded the yield 
of local Turkey 7 percent. Unlike Hybrid 123, it is a true winter wheat 
and will not mature if spring planted. It ripens a little later than 
Hybrid 123. It is a club wheat with soft white kernels. It has proved 
to be a very popular variety of wheat in Umatilla county on account of 
its stiff straw and its high yield under favorable conditions. In that 
county more than 60 percent of the wheat acreage is sown to Hybrid 128, 
with a usual annual production of from three to four million bushels of 
that one variety. The variety is recommended by Schafer, Gaines, and 
Barbee* as being better suited to general culture in the State of Wash- 
ington than any of the other commercially grown hybrid varieties. Its 
quality is reported to be better than that of Hybrid 123, but when grown 
at Moro the milling quality has been inferior to that of Hybrid 123. 


Hybrid 63. The production of Hybrid 68, or “Turkey Hybrid,” is 
confined chiefly to Wasco county, where farmers report good yields from 
the variety when grown as a winter wheat. Because of its inability to 
survive the winter at Moro, it has not been included in the winter-wheat 
varietal trials there. It was grown for two years as a spring wheat and 
discarded because of its low yield. It is a white-kerneled club wheat 
produced by crossing Turkey and Little Club. 


Triplet. This is one of the more recent hybrids produced by the 
Washington Agricultural Experiment Station. In its production, three 
wheats were used, Turkey, Jones Fife, and Little Club. The head and 
kernel characters more nearly resemble those of Jones Fife, being a red- 
kerneled, beardless, velvet-chaff wheat. It has a shorter straw than 
Jones Fife and matures earlier. It has exceeded the yield of the local 
Turkey at Moro for a five-year period by 5 percent. The variety, as is 
shown by the milling and baking data reported elsewhere in this bulletin, 
is a better milling wheat than Jones Fife and nearly equal to Turkey. 


Hybrid 123 (Red Hybrid). This is a red-kerneled club wheat which 
is also a cross between Jones Fife and Little Club. During the seven- 
year period in which it has been in the varietal trial at Moro, it has 
exceeded the yield of the local Turkey wheat 9 percent. The variety is 
a high yielding dry-land wheat but wheat buyers and millers maintain 
that it is not up to the standard of other wheats in milling quality. The 


*Wheat Production as Influenced by Variety, Time of Seeding, and Source of Seed, 
by E. G. Schafer, E. F. Gaines, and O. E. Barbee, Washington Station Bulletin No. 159. 
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results of baking and milling trials, discussed elsewhere, show that the 
variety when grown after well-kept summer fallow at Moro produces 
a fairly satisfactory milling wheat. 


Other Winter Wheat Varieties. Fortyfold. This variety, correctly 
named Goldcoin, has been grown in Eastern Oregon for a long time. It 
is still quite extensively grown, but is now chiefly found at high eleva- 
tions or on shallow soils. On account of its poor milling quality and its 
susceptibility to shattering and to stinking smut, the variety can prob- 
ably be replaced very profitably by other higher yielding and much more 
desirable winter wheats. The annual shattering loss from this variety 
is probably two to three bushels an acre on dry land. 


Red Chaff. This variety, which is probably a field hybrid between a 
club wheat and Fortyfold, is a commercial variety in Umatilla and Union 
counties. The variety is a soft, white, club wheat with brown chaff. 
It has not proved winter-hardy at Moro and therefore has not been con- 
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Fig. 11. Chart showing annual acre yields in bushels of two winter wheats (Turkey and 
Fortyfold) and two spring wheats (Early Baart and Marquis) at Moro, Oregon, for 
the nine years 1913 to 1921, inclusive. 


tinued in the winter wheat varietal trials. It can probably be replaced 
as a winter variety by a hardier and higher-yielding type. As a spring 
wheat, it is too late in maturing and can be replaced by one of the Fed- 
eration wheats or Early Baart. 


Jenkin. Several thousand acres of fall-sown Jenkin or Jenkins Club 
wheat are grown in Umatilla county. This variety, a late-maturing spring 
wheat, has not proved winter-hardy at Moro, and frequently winter kills 
in the Blue Mountain section. Careful trials should be conducted to 
ascertain whether this wheat cannot be profitably replaced in Umatilla 
county with a hardier and higher yielding variety. This variety is 
generally recognized as the poorest in quality of the white club wheats. 


30 
SPRING WHEAT 


Although winter wheat usually outyields spring wheat in most sec- 
tions of Eastern Oregon, considerable spring wheat will always be grown 
in this region. After failure of winter wheat or when fall weather does 
not permit extensive seeding, spring varieties are grown. In localities 
where winter wheat does not come up well in the fall or in high alti- 
tudes where winter wheat is killed by early frosts, spring wheat is better. 


In Fig. 11 are shown’ the annual yields of two winter wheats, Turk- 
ey, C. I. 1571, and Fortyfold, and the yields of two spring wheats, Early 
Baart and Marquis, for the years 1913 to 1921, inclusive. The chart 
shows that in four of the nine years, there was not much difference in 
the yields of the winter and spring wheats, but that in the other five 
years the winter wheats considerably outyielded the spring wheats. 


Hundreds of varieties of spring wheats have been tried at the Moro 
Station in rows and in field plots. Those that have been grown two 
years or longer in field plots under comparable conditions are listed alpha- 
betically in Table XII, with the percentage of yield expressed in terms 
of that of the Early Baart variety. 


It will be noted from this table that there are several varieties in 
the list that have been grown for several years which have exceeded the 
yield of the Early Baart variety from 10 to 23 percent. Three of these 
wheats, Federation, Hard Federation, and White Federation, introduc- 
tions from Australia, have exceeded the yield of the Early Baart variety 
for each of the four years during which they have been grown. 


Description of Leading Varieties 


Pacific Bluestem. This variety was formerly the standard spring 
wheat grown in Hastern Oregon. It is a late-maturing, beardless, white 
wheat with a good reputation as a milling wheat. On the dry lands, it 
has during recent years been largely replaced by the Early Baart variety. 
At the Moro Station, Early Baart has exceeded the yield of Pacific Blue- 
stem 10 percent. 


Early Baart. This popular dry-land wheat was introduced from 
Australia by the United States Department of Agriculture. It is beard- 
ed, with soft to semi-hard, large white kernels. It is adapted to sections 
of very light rainfall. It is generally considered superior to Pacific Blue- 
stem for milling. The straw is rather weak. On account of its large 
kernels and its susceptibility to injury by the threshing machine and by 
treatment for smut, it must be sown at a thicker rate than most other 
spring-wheat varieties. 


Bobs. This variety, an introduction from Australia, has been grown 
at Moro for nine years. It is an early-maturing, beardless white wheat 
of exceptionally good milling quality. For the nine-year period, it has 
exceeded the yield of Early Baart 7 percent. The variety is not com- 
mercially grown in Oregon. 


Hard Federation. This variety is an early-maturing, beardless brown 
chaff wheat with short, hard, white kernels. In preliminary trials, this 
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and the other Federation wheats at the Moro Station* showed up so well 
that they were increased and put in the regular field varietal trials. For 
the four years, 1918 to 1921, inclusive, during which this wheat has 
been in field trials, it has every year exceeded the yield of Early Baart 
and averaged 23 percent higher. The variety is of excellent milling qual- 
ity, being superior to either Early Baart or Pacific Bluestem in this re- 
spect, as is shown in Table XIII. Considerable Hard Federation wheat 
has been distributed from the Moro Station. The Station’s results and 
reports from farmers who grew it indicate that Hard Federation is the 
best dry-land spring wheat except for sections of extremely light rainfall. 


Federation. This is a beardless, white wheat with brown chaff, from 
which Hard Federation was selected. It matures a little later than Hard 
Federation and has a slightly longer head. The kernels are softer than 
those of Hard Federation and the wheat is not of as good milling qual- 
ity, though about equal to Early Baart. It has proved to be an ex- 
ceptionally high yielding wheat under irrigation at the Burns Station 
in Oregon and at the Aberdeen Station in Southern Idaho. 


Marquis. This is a hybrid wheat produced at the Central Experi- 
mental Farm at Ottawa, Canada, and is one of the most widely grown 
spring wheats in the United States. It is one of the best commercially 
grown milling wheats. At the Moro Station it has yielded 9 percent less 
than Early Baart for a nine-year period. It is grown extensively 
in some sections of Eastern Oregon. It can profitably be replaced by 
either Hard Federation or Early Baart on the dry-land areas of the 
Northwest. 


MILLING AND BAKING INVESTIGATIONS 


Through a cooperative arrangement with the Office of Cereal In- 
vestigations of the Bureau of Plant Industry and the milling and baking 
laboratories of the Bureau of Markets of the United States Department of 
Agriculture, milling and baking trials have been conducted for several 
years with both winter and spring wheats grown at the Moro Station. 
Several of these wheats have also been milled from time to time by the 
Portland Flouring Mills, Portland, Oregon. From unpublished data 
thus obtained Table XIII has been prepared, giving a summary of 
some of the data obtained in these investigations with five varieties of 
winter and five varieties of spring wheat. In addition to the milling and 
baking data are given the average grade, the average bushel weight, and 
the average yield of the varieties for the four years 1918 to 1921, in- 
clusive. The figures given for the milling and baking data are also 
averages for the same four years. 

This table shows that Kharkov was the best milling wheat of the 
five winter varieties. The loaf volume of Kharkov, however, was ex- 
ceeded by that of Hybrid 123. The latter variety was slightly lower in 
bushel weight and yielded 8 percent less flour. The texture and color 
of the loaves made from Hybrid 123 averaged somewhat lower than the 
loaves made from Kharkov. The average data for the Triplet variety 
also compare very favorably with those of Kharkov. Its average weight 
per bushel was as high, its loaf volume was nearly as high, and the 

*For further description of the Federation wheats, see Bulletin No. 877, United 


States Department of Agriculture, Australian Wheat Varieties in the Pacific Coast 
Area. 
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texture and color of the loaves were equally as good as those made 
from Kharkoy. Triplet was 5 percent lower in yield of flour than Khar- 
kov. Hybrid 128 did not make a very good showing as compared with 
the three varieties named above, and Fortyfold was the poorest milling 
wheat of the five. On the market, Hybrid 123 usually brings a lower 
price than Hybrid 128. The average milling and baking data for four 
years show that Hybrid 123 when grown as a dry-land wheat, is of con- 
siderably better milling quality than Hybrid 128. For the four-year 


TRIPLE? 


Fig. 12. Cross-section of loaves of bread made from four winter-wheat varieties 
of the crop of 1921 

period, however, the yield of Hybrid 128 averaged 1.4 bushels an acre 
more than Hybrid 123. Fig. 12 shows cross-section of loaves of winter 
wheats. 

The average data for the spring-wheat varieties show that in loaf 
volume Marquis slightly exceeded the others, though it was only 
7 ce. c. higher than Bobs. Bobs exceeded Marquis by 4 percent in flour 
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yield and averaged higher than any other spring-wheat variety. The 
loaf volume of Hard Federation for the four years averaged slight- 
ly lower than Marquis but was higher in flour yield and 5.6 lbs. 
higher in test weght. The Hard Federation also exceeded Early 
Baart in loaf volume and in flour yield. The texture and color of 
the loaves made from Hard Federation were slightly better than those 
from Marquis and also better than those from Early Baart. Cross-sec- 
tions of typical loaves are shown in Fig. 13. For the four years, the 
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HARD FEDERATION FEDERATION 


Fig. 13. Cross-section of loaves of bread made from four spring- 
wheat varieties of the crop of 1921. 


average loaf volume of the five spring wheat varieties exceeded the aver- 
age loaf volume of the winter wheat varieties about 20 percent. As is 
shown in Table XIII, the spring wheats from every standpoint were bet- 
ter milling varieties than the winter wheats. The spring wheats aver- 


aged less in bushel weight and 10.4 bushels less in acre yield than the 
winter wheats. 
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TABLE XIII. AVERAGE YIELD AND AVERAGE MILLING AND BAKING DATA 
FOR WHEAT VARIETIES GROWN AT MORO, OREGON, UNDER SIMILAR 
CONDITIONS FOR THE YEARS 1918 TO 1921, INCLUSIVE 


C.I. Yield Bushel Loaf Text- 

Variety No. 1918-21 weight Grade Protein Flour volume ure Color 

bu. lbs. %G % Cc. C. Jo Jo 
Winter Wheats— 
Kharkov ......-:: 1442 34.9 60.4 1 Dark Hard 
Winter = 3. 10.6 70.9 1897 89.1 90.4 
Triplets, jcsest- oc 5408. 34.5 60.4 1 Red Winter... 11.8 65.9 1867 89.4 90.6 
Hybrid 123) ...... 4325 35.3- 59.8 1 Red Walla...... LIT 267-9)" L900 2 88it 88.4 
Hybrid 128 ...... 4326) S657 58.02 2 White, Club... 12:6 68:2 1795. 86:2 87-5 
Hortvioldess.-24 © 4156) 26:5. 56 93 Seft White... L285 AVON er 160250 Sod eSos0 

UIDSVOV AT Clases) betta 33.6 59.3 11.8 68.6 1812 87.3 88.7 

Spring Wheats— 
Marquis: <.....:.:. 4158 19.1 53.5 5 Dark North- 

ern Spring...... 15.7% 69.8 2802. 91.2 89.0 
Early Baart ... 1697 21.2 58.8 2 Hard White... TS 1s 68) ee 2OSO ean CO ame Oe 
Hard Federa- 

GION pane oe, 4733 26.2 58.1 2 Hard White.... 13.9 71.4 2105 O17 92.4 
Federation Re AT S4e 26.0 -bb\O) 24 ard White... ~ 1374. 6927 ~ 2082) 188.9. — 87-2 
NETS os eee ee 2826 22 56.9 38 Hard White... 14.0 72.8 2295 91.5 91.9 

Wiveragervn: ou hit 23.0 56.5 TZOe RTOS “2L78s  “GOL6s* “90:38 
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SUMMARY 


Harney Valley has a vast area of irrigable land that will eventually 
be irrigated by gravity or pumping. 

The irrigation investigations at the Station cover the important 
factors relating to successful irrigation practice. 

The soil type on which the Burns Station is located, is average to 
poor, as compared with the Valley proper. 

The climate of Harney Valley is arid. The precipitation is very 
light, the evaporation high, and frosts are frequent. 

Land should be carefully leveled for irrigation. 

The border system of irrigation is one of the best, and is rapidly 
coming into general use in irrigated sections. 

The check system is not recommended for Harney Valley conditions. 

The corrugation system is well suited to land sloping in different 
planes. 

The furrow system is well adapted to the irrigation of row crops. 

Sub irrigation can be used to advantage on grain and alfalfa where 
soil conditions permit. 

Flooding is a wasteful method of irrigation. 

Cleaning and grading all classes of seed, nets the irrigation farmer 
large returns. 

Treating all cereals for smut is essential for good yields. 

Federation is the best spring wheat to grow under irrigation. 

Turkey Red is the best winter variety, but care must be taken not 
to over-irrigate this crop, or lodging will result. 

Hannchen and Trebi barleys are excellent yielders under irrigation. 

Rustless Selection, Swedish Select, and Silvermine are the best oat 
varieties. 

Rye is a dry-land crop and not as good a yielder under irrigation as 
wheat, barley, or oats. 

Grimm alfalfa is the best forage crop for Harney Valley. 

Kaiser field peas, when grown for seed, or in combination with oats 
or wheat, produces excellent yields of hay or silage. It is one of the 
best legumes to grow in a short rotation. 

The clovers are not well adapted to conditions in Harney Valley. 

Mammoth Russian sunflowers produce the largest tonnage of silage. 

Peas and eats are the best combination crop for Harney Valley. 

Early-maturing varieties of potatoes do well in warmer sections. 

Sugar beets and mangels do well in some sections but are not as 
sure as cereal or forage crops. 

Field peas in the short rotation and alfalfa in the long rotation have 
given best returns. 

The irrigator must learn from practical experience when the crop 
needs water. No hard and fast rules can be laid down. Frequent light 
irrigations are better than heavy ones at long intervals. 

Too much water will reduce the yields and injure the soil. 

Under the heading “Cost of irrigation by Pumping,” the figures rep- 
resent the pioneer stage. Transportation, cheaper fuel, or adequate 
power lines would materially reduce the cost per acre. 


Growing Irrigated Crops in 
Harney Valley 


By 
OBIL SHATTUCK, Superintendent 
and 


DOUGLAS W. RITCHIE, Assistant in Irrigation 


INTRODUCTION 


Irrigation is destined to play an important part in the agriculture of 
Harney Valley. There are approximately thirty thousand acres of irri- 
gable land in the Valley proper. Irrigation investigations have been 
added to the work of the Burns Station as one of its important projects. 

The work of the Station from the time of its establishment in 1911 
until the spring of 1916 was confined te dry farming by the summer- 
fallow method. In 1917 a deep well was drilled and a pumping plant in- 
stalled to provide water for the irrigation investigations. The work has 
been carried out with the advice and cooperation of the main Station 
at Corvallis. This publication reports briefly the progress to date and 
offers suggestions based upon the results obtained. 


Object of the Investigations 
The object of these investigations is— 


1. To determine whether the cereal, forage, root, and miscellaneous 
crops can be successfully and profitably produced. 


2. To determine by actual application, the amount of water re- 
quired by each crop for highest economical returns. 


3. To determine the best crop rotation for yield, economy, and 
fertility. 


4. To determine the plant food needs of these soils for crop 
production. 


5. To determine the best time, rate, and date of seeding irrigated 
crops. 


6. To secure data on the possibilities of irrigation by pumping. 
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LOCATION AND SOIL TYPES 


The Burns Station is located six miles east of Burns, Oregon, on 
typical sage-brush land varying from sandy loam to sandy silt or clay 
loam, the major portion of which is spotted with alkali. The soil is 
considered average to poor, as compared with the valley proper. Geo- 
logically classified, the soils of Harney Valley are lake and stream 
deposits from sedimentary rocks. 


Fig. 1. The pumping plant in operation at the Burns Station. 


Fig. 2. Weir box on Burns Station. 


CLIMATE 


The general climate of Harney Valley is dry. The average elevation 
‘is about 4,100 feet. The extreme temperatures range from 100° Fahren- 
heit in summer to minus 30° in winter. Summer frosts are frequent. 

The annual average precipitation from 1914 to 1921 was 9.02 inches. 
Most of the precipitation comes in the winter and early spring. The 
‘average annual evaporation from a free water surface for the past eight 
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years, April to October inclusive, was 42.6 inches. The average wind 
velocity from 1914 to 1921 was 4.1 miles per hour. 


PREPARATION OF LAND FOR IRRIGATION 


Make a Contour Map. First, a contour map of the field to be irri- 
gated should be made, noting the high and low places, general slopes and 
natural drainage. Second, the system of irrigation should then be de- 
cided upon, whether contour flooding, border, check irrigation, or sub 
irrigation. This will depend on the contour of the field, type of soil, 
and head of water. 

Clearing and plowing on the Station in 1912 cost approximately 
$5.00 an acre. 


Fig. 3. The finished field, ready for seeding. 


Leveling. To succeed with irrigation it is important that the land 
be properly leveled. Land well leveled at the start affords larger re- 
turns, requires less water and less labor for proper irrigation. A small 
farm level is very useful in preparing the land for irrigation. With 
this instrument all guess work is eliminated and the increased yields 
from well leveled fields will more than pay for the instrument on the 
first crop harvested. 


How to Level. The best method of land leveling is to plow or double 
disk all of the high spots; and then fill all of the low places by scraping 
in this soil with a Fresno, buck-scraper, or some form of wheel scraper. 
This permits the moving of the soil over solid ground, making the work 
lighter on both man and team. About an acre a day may be leveled 
with a four-horse Fresno under rather level conditions. 


Irrigate to Settle Soil. The fields should then be double disked or 
spring toothed and floated. This fills minor depressions. A trial irriga- 
tion should then be made to settle the ground and prove the leveling. 
When the field is again dry enough to work it should be plowed six to 
eight inches deep and immediately double disked or spring toothed. 

During the winter this should settle into a good seed bed. As soon 
as possible in the spring, the land should be double disked and harrowed, 
or spring toothed, floated, and laid out according to the irrigation system 
to be used. If, in making dikes or borders, the soil is removed to any 
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extent, it is a good plan to refloat the edges. Leveling land in the fall is 
best, but good results have been secured with spring leveling. An or- 
chard or reversible disk harrow, with disks reversed to throw the dirt 
in, is useful in making borders. 


SYSTEM OF IRRIGATION TO USE 


The system to select will depend upon the contour of the field, irri- 
gation head, type of soil, and kind of crop. The general or wild flooding 
system is not to be recommended; it wastes water, injures the soil, gives 
low returns, and in the end proves to be very expensive. 


Fig. 4. Making the borders. A round trip completes the border or dike. 


The Border System. The border system in many irrigated sections 
is becoming quite popular. If the land is fairly level or gently sloping, 
it proves very efficient. The borders or dikes can run down the slope 
and may be from thirty to fifty feet apart, depending upon the soil 
type and head of water to be used. These are made ten inches high 
by three to five feet wide, by plowing a dike furrow and following with 
a ridger as shown in Fig. 4. Care should be taken to remove the side 
slope when leveling. A table should be provided by grading to a level 
plane a strip ten to fifteen feet wide at the head of the strip. This 
facilitates the distribution of water. The length of borders will depend 
upon the type of soil, short runs being used on sandy soil and running 
up to four hundred feet on the heavier types. A good head of water is 
needed, ranging from one-half cubic foot per second up to two or three 


second feet.* 
The Check System. This method can be used only on rather flat 


land. It is an efficient system but requires more leveling than the border 
system, and is not so satisfactory for local conditions. 


The Corrugation System. This consists of making a series of small 
parallel furrows, eighteen to thirty-six inches apart, after the crop is 


*Oregon Agri. Col. Exp. Sta. Bulletin 177. The Management of Sandy Soils 
Under Irrigation, by H. K. Dean. 
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seeded. It is a good system for rather uneven ground where the field 
slopes several ways. Where the slope is pronounced, the corrugation 
should follow the contour of the land in order to prevent washing. 


The Furrow System. This system is adapted to the irrigation of 
row crops where the land has a fairly uniform slope. It enables the 
irrigator to supply the water to the lower part of the rooting system of 
the plant without causing the soil surface to become hard and compact. 


Sub Irrigation. This method is very efficient where the soil forma- 
tion permits’a rapid horizontal movement of water without great loss 
by downward percolation. It is practiced in portions of the Harney 
Valley on alfalfa and grain. The water is held in fairly wide ditches 
at a rather high level and sub irrigates the soil. These main ditches 
vary in distance apart from fifty to three hundred yards. 


FIRST CROPS FOR NEW LAND 


Use Annuals. The first and second crops should be annual, prefer- 
ably cereal, annual legumes or row crops, as sunflowers or roots. It 


Fig. 5. Irrigated spring wheat varieties, 1920, 13 varieties averaged 61.2 bushels per 
acre. The federation made 82.4 bushels per acre. 


is poor practice to seed newly prepared and unsettled land to a per- 
manent crop, as alfalfa or other meadow crops. Low spots that have been 
filled in will settle; these low places will get too much water and often 
the crop kills out, which results in thin stands and low yields. By grow- 
ing annual crops for one or two years, an opportunity is given for 
re-leveling before the permanent alfalfa crop is established. 


THE PRODUCTION OF IRRIGATED CROPS 
CEREALS 


Wheat, barley, oats, and rye yield well in the Harney Valley and as 
irrigated grain crops rank in importance in the order named. Only 
high yields of grain can pay on irrigated land. High yields can be se- 
cured most easily by the following method: 


1. Grow nothing but the highest yielding variety. 
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2. Carefully clean and grade the seed through a good fanning mill 
to eliminate all weed seeds and all small, light, broken and damaged 
seed. 

3. Treat wheat, oats, and barley to avoid losses by smut. 


4, Plant early and shallow to medium in depth as these methods 
secure the best stand. 


5. Grow cereals in rotation with legumes, as the Harney Valley 
soils are naturally somewhat deficient in nitrogen and this element is 
supplied by the legume crop in the rotation. 


STANDARD VARIETIES 


The experiments of five seasons show Turkey Red to be the best 
variety of winter wheat; Federation the best variety of spring wheat; 
Trebi or Hannchen the best of the spring barleys, and Swedish Select 
and Silvermine the best spring oats. To grow other varieties than these 
in the high irrigated districts results automatically in a loss. 


PREPARATION OF SEED FOR PLANTING 


Cleaning and Grading Seed. Sowing seed just as it comes from 
the threshing machine is an expensive and wasteful practice, since it 
results in lower yields, and a waste of material that might otherwise 
be used for feeding purposes. All seed should be put through a fanning 
mill and grain grader to blow out the light seed, and sort out weed 
seeds, broken and undersized kernels, which may in many cases be used 
for feed. By cleaning and grading the seed, better stands of stronger 
and more vigorous plants may be secured. Table I shows individual and 
average differences of yields from cleaned grain as compared with grain 
direct from the threshing machine. There was an average gain of 5.6 
bushels an acre from carefully cleaned seed over that of seed directly 
from the thresher. 

TABLE L YIELDS OF SPRING WHEAT FROM THERESHER RUN AND FROM 


CABEFULLY CLEANED AND GRADED SEED ON IRRIGATED LAND 
AT THE BURNS STATION, 1921 


Cereal — Yield in bushels per acre——— 
Inv. No. Variety Thresher run Cleaned and graded seed Increase 
a nnn nn nnn EES! 
bu. bit bu. 
2226-1 White Bobs 42.0 45.3 3.3 
6255 Red Bots 45.1 45.3 0.7 
4158 Maranuis 44.0 51.8 7.3 
5284 Aeme Durum 40.6 47.6 70 
1697 Early Baart 49.1 58.1 9.0 
Average 44.2 49.3 5.6 


Treatment for Smut. All wheat, oats, and barley should be treated 
for smut previous to seeding. This treatment is applied after the seed 
has been cleaned and graded. The formaldehyde treatment is probably 
best for the irrigated cereals. One pint of formaldehyde is mixed in 
forty-five gallons of water. With carefully recleaned grain, this solu- 
tion may be sprinkled on the seed at the rate of about one-half gallon per 
bushel. The dampened grain should be thoroughly shoveled over two or 
three times to get it all uniformly wet. It is then covered with wet 
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sacks or canvas and left covered for a period of two to three hours. It 
should then be shoveled out so that the remaining formaldehyde may 
escape. Seeding should take place as soon as it will run through the 
drill. 
Where seed has not been properly cleaned, it should be treated in 
the formaldehyde solution for three to five minutes, then drained of the 
solution and planted within twenty-four hours in soil sufficiently moist 
for prompt growth. Oats are usually dipped in sacks, while it is best 
to treat the wheat or barley loose in vats so that smut balls may be 
skimmed off. When treating grain loose, it should be thoroughly stirred 
and skimmed to remove floating smut balls and other light material. 


SPRING WHEAT 


Federation is Best. Seventeen varieties of spring wheat have been 
grown on the Burns Station under irrigation. Federation, C. I. 4734, is 
the best variety. It was introduced into the United States from Aus- 
tralia by the United States Department of Agriculture. It was first 
grown by Superintendent D. E. Stephens at the Branch Experiment 
Station at Moro, Oregon, and seed for the Burns Station was secured 
from this place. It is now being extensively grown in Southern Idaho, 
where under irrigation it is superseding Dicklow. 

Federation is a beardless, brown-chaffed wheat that grades from 
soft to hard white, depending upon the conditions under which it is 
grown. It has a stiff straw. Among the seventeen spring wheat varie- 
ties, it stood up 100 percent while the remaining varieties lodged 10 per- 
cent to 100 percent. It is an excellent yielder, matures moderately early, 
does not shatter badly, and is rather a good milling wheat. 


TABLE II. ANNUAL AND AVERAGE YIELDS OF SPRING WHEAT ON IRRIGATED 
LAND AT THE BURNS STATION FOR 1920 AND 1921 


Yield, bushels per acre—————— 
1921 


C. I. No. Variety 1920 Average 
bu bu. bu. 
1697 Early Baart 65.0 36.4 50.7 
3663 Dicklow 77.1 45.4 61.2 
4067 Pacific Bluestem 57.5 42.7 50.1 
4158 Marquis 64.0 36.0 50.0 
4066 Little Clubs = =e) = aa 38.0 38.0 
AT34 Federation 82.4 50.9 66.6 
6227 Golden Ball (Durum) 55.3 43.4 49.3 
2826-1 White Bobs 64.0 Seu 48.8 
5284 Acme Durum 50.9 42.0 46.4 
6255 Red Bobs (from Canada) 60.0 31.1 45.5 
4733 Hard Federation 55.1 28.5 41.8 
4981 White Federation =  — _... 23.3 23.3 


WINTER WHEAT 


Turkey Red the Standard Variety. Winter wheat will do very well 
under irrigation in some sections of Harney Valley. It is doubtful if it 
will prove as satisfactory as the best spring varieties. Turkey Red is the 
leading winter variety, but has rather weak straw and is apt to lodge, 
unless the water is carefully applied. It should not be heavily irrigated. 
Irrigation should stop rather early so the crop may mature. 
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TABLE III. ANNUAL AND AVERAGE YIELDS OF WINTER WHEATS GROWN 
ON {IRRIGATED LAND AT THE BURNS STATION FOR THE YEARS 
1919 TO 1921 INCLUSIVE 


———— Yield in bushels per acre————-—— 
Percent of 


C. I. No. Variety - 1919 1920 1921 Ave. Kharkov 
bu. bu. bu. bu. % 

1558 Turkey Red 18.6 38.0 70.0 42.2 104 

1442 Kharkov 21.3 34.9 64.7 40.3 100 

5146 Kanred 20.0 30.8 64.4 38.4 95 

4512 Washington Hybrid 128 22.6 84.3 58.1 38.3 95 

4066 Little Club 21.3 38.6 48.3 36.0 89 

BARLEY 


Barley Good Hog Feed. Barley is a good yielder in Harney Valley 
and should be grown more extensively for feed. Ground or rolled barley is 
an excellent feed for horses and will produce a better grade of pork 
than corn. The meat will be firmer and not so fat. 


Of the twelve varieties grown under irrigation at the Station, two 
are very good. These are Hannchen, a white, bearded, two-row barley 
and Trebi, a blue, bearded, six-row barley. Both yielded at the rate of 
105 bushels an acre in a rate of seeding test. Both varieties mature 
moderately early and have rather stiff medium length straw. 


Fig. 6. Hannchen barley yields well under irrigation. 


OATS 


Oats do well in Harney Valley and are excellent for feeding horses. 
The crop is hardy and yields well under irrigation. 

Of the nine varieties grown at the Station, the Rustless Selection, 
Swedish Select and Silvermine are best, although the Rustless Selection 
has rather a light kernel. 
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TABLE IV. ANNUAL AND AVERAGE YIELDS OF SPRING OATS UNDER IRRI- 
GATION AT THE BURNS STATION FOR THE YEARS 1919 TO 1921 INCLUSIVE 


Yield, bushels per acre———____——_ 
Percent of 


Swedish 

C. I. No. Variety 1919 - 1920 1921 Ave. Select 
bu. bu. bu. bu. wee 
724 Rustless Selection 45.0 127.3 70.8 81.0 “| 
134 Swedish Select 38.0 h Bi ly fa 63.5 72.8 100.0 
625 Sixty Day ; 35.5 cu 52.4 59.9 80.9 
720 Silvermine 35.8 106.8 61.8 68.1 93.5 
658 Big Four 33.0 94.5 70.8 66.1 90.7 
841 Nebraska 2) 90 5 0 Se eee 96.4 55.5 75.6 103.0 
hes Hulless eee 81.3 62.0 71.6 98.2 


708 Fulghum alee 87.9 48.2 68.0 93.4 


Fig. 7. Irrigated oat varieties, 1920. Five varieties exceeded 100 bushels per acre. 


RYE 


While rye yields fairly well under irrigation, it cannot be considerea 
a paying crop except where it is produced for seed. There is quite a 
demand for the true spring rye, which is rapidly replacing the winter 
varieties. 


TABLE V. ANNUAL AND AVERAGE YIELD OF IRRIGATED SPRING RYE AT 
THE BURNS STATION 


ee bushels per acre 


Variety 1917 1918 1919 1920 Average 
bu. bu. bu. bu. bu. 
Vern, S. P. I. No. 26101 12.9 13.0 18.2 38.9 20.7 


FORAGE CROPS 


Forage Production Vital. As Harney Valley is essentially a range 
stock country, forage crops for winter feed are of prime importance. 
Excellent yields of Grimm alfalfa, field peas, and sunflowers have been 
produced in the Valley, under irrigation. The old type of farming—that 
of raising one-half to three-fourths of a ton of wild meadow hay to the 
acre, with approximately three acre feet of water—is being replaced by 
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alfalfa and grain fields with the water controlled. This results in 
increased production and better feed with half of the amount of water 
formerly used.* (See Table 15.) 


ALFALFA 


Sow Seed Shallow. The seed bed for alfalfa must be fine and firm. 
It is best to sow shallow with a drill, as it insures uniform distribution 
of the seed. Care must be taken to prevent deep seeding. One inch 
is deep enough for alfalfa. The pressure springs should be released 
from the furrow openers of the drills so they will not run too deep. 

Good stands can be secured by broadcasting and harrowing, but this 
method requires from 30 to 50 percent more seed and the stand is apt 
to be uneven. 


Grimm is the Best Variety. Grimm alfalfa has proved to be the 
hardiest, highest yielding variety, both for hay and seed in Harney Valley. 


TABLE VI. ANNUAL AND AVERAGE YIELDS OF ALFALFA UNDER IRRIGATION 
AT THE BURNS STATION FOR THE YEARS 1918 TO 1920 INCLUSIVE 


Yield, tons per acre, cured hay 


Variety 1918 1919 1920 Average 
tons tons tons tons 
Grimman(beltie)\ ace ce 5 re ne ee 83 Cee pei ahd 200 4.4 4.9 4.0 
Grimm fet 4.3 4.7 3.6 
Turkestan 3.9 4.8 3.5 
Common 3.7 4.4 3.3 


TABLE VII. ANNUAL AND AVERAGE YIELD OF ALFALFA SEEDED IN 1920 AND 
GROWN AT THE BURNS STATION UNDER IRRIGATION IN 1920 AND 1921 


Yield, tons per acre, 


cured hay 
Variety 1920 1921 Average 
tons tons tons 
(QUOUONETY 2 Sus ence een ein a. Bee aa aaa ann ae eS Se eee oe Se au 7.0 3.9 
TRESS QIU TD VOD IG | RIE aR a Sa eR eee eo Pele a | 6.4 3.7 
Martins sAicclimated 545. 20-cb cence oe senenes oi Ot are Ay ean eS 2 se 6.3 3.6 
Cossacks neces Cod: aes ete Rae 8 6.2 3.5 
Turkestan ee elt 5.8 3.2 
Rascoline ))322--52. 1.0 5.3 3.1 
Smooth Peruvian ... 1.2 4.8 2.9 
1158) 3.3 2.3 


LEE N38 AS a hit 8 a eens cane oes een senigu ech xp OTe tate St seme ee tone 


FIELD PEAS 


Good for Silage. Field peas are valuable in Harney Valley for 
silage, for hay, and as a grain crop, when grown alone, or in combination 
with wheat or oats, and for their fertilizing effect when grown in the 
short rotation. Field peas produce excellent pork when fed in combina- 
tion with wheat or barley. 


*The Improvement and Irrigation Requirement of Wild Meadow and Tule Land, 
Oregon Agri. Col. Exp. Sta. Bulletin No. 167, by W. L. Powers and W. W. Johnston. 
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TABLE VIII. ANNUAL AND AVERAGE YIELDS OF FIELD PEAS FOR HAY AND 
GRAIN, GROWN UNDER IRRIGATION AT THE BURNS STATION 


——-—-—_—_Yield, tons of hay* and bushels grain per acre——————_ 


1919 1920 1921— Average— 
Variety tons bu. tons bu. tons bu. tons bu. 


Kaiser se: ae seas note 36.5 4.1 0.0 4.5 48.6 3.7 42.5 


Fig. 8. Grimm alfalfa, the kest forage crop for Harney Valley. Yielded 7.0 tons 
per acre 1921. 


Fig. 9. Field peas for grain, yield 48.6 bushels. 


CLOVERS 


Clovers Not as Good as Alfalfa. Red clover and white sweet clover 
have not done very well at the Station. White sweet clover makes a 
wonderful growth in some sections of the Valley. This crop is very 
good for green manure in reclaiming some of the poorer soils and also 
makes good silage when grown alone or in combination with oats. 


15 


It is difficult to secure a uniform stand of sweet clover in some 
sections. The seed has a hard or waterproof seed coat and should be 
scarified before sowing. The seed bed should be finely worked and firm. 
The seed may be drilled shallow or it may be broadcasted, but the former 
method is preferable. 


TABLE IX. ANNUAL AND AVERAGE YIELDS OF RED CLOVER AND WHITE 
SWEET CLOVER, UNDER IRRIGATION, AT THE BURNS STATION 


Yield, tons per acre 
cured hay 


Kind 1920 1921 Average 
tons tons tons 
eR BICLO UIs a gece ety mare ert ee Bg Meares cee aL ree) 3.4 2.8 
VinsUSms ect mclovenieen teem es Sowden tev ee es 2.2 4.3 3.2 


SILAGE CROPS 
SUNFLOWERS 


Sunflowers Yield Well. Sunflowers, as a silage crop, have proved 
to be a leader in Harney Valley during the past two years. Splendid 
yields were secured in 1920 and 1921. The best way to handle sunflowers 
as indicated by the available data, is to seed them in rows 21 inches 
apart, with a regular grain drill, at the rate of 25 to 35 pounds an acre. 
Two rows at a time can be harvested with an ordinary mower. A sharp 
sickle and plenty of speed are essential. The crop should be cut close 
to the ground. 


When to Harvest. They may be harvested any time from full bloom 
until the seeds are in the stiff dough. About 13 tons of whole, green, 
sunflowers were fed to Station stock, horses and cows, and were readily 
consumed. The stock left choice alfalfa hay to eat sunflowers. 


TABLE X. ANNUAL AND AVERAGE YIELD OF MAMMOTH RUSSIAN SUN- 
FLOWERS GROWN UNDER IRRIGATION WITHOUT CULTIVATION, 
AT THE BURNS STATION FOR THE YEARS 1920 AND 1921 


Yield 

Rate of Distance apart Acre inches per 

Variety seeding of rows irrigation Year acre 

Tb. in. in. ton 

Mammoth Russian 5 36 19.5 1920 27.6 
Mammoth Russian 30 21 19.5 1920 54.7 
Mammoth Russian 15 14 19.5 1920 43.6 
Mammoth Russian 30 i 19.5 1920 42.8 
Mammoth Russian 35 21 15.0 1921 31.0 
Mammoth Russian 35 21 20.0 1921 38.3 
Mammoth Russian 35 21 25.0 1921 38.1 
Mammoth Russian 35 21 24.0 1921 54.1 
Mammoth Russian 35 21 27.0 1921 51.5 


Note: Yields are reported as green weight in tons per acre at the silage stage. 


The highest yield was secured when the sunflowers were sowed 
thickly in twenty-one inch rows and were heavily irrigated. It is im- 
portant that sunflowers be planted and irrigated so they will head out 
and reach a good stage of maturity. Probably water should be kept off 
late in the season. Early varieties should be grown. 
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Some work with sunflowers has indicated that when green or dry 
plants such as corn or oats can be cut into the silo with sunflowers, 
better silage is secured. 


Fig. 10. Irrigating sunflowers. Yield 54.7 tons per acre green weight. 


OTHER SILAGE COMBINATIONS 


A combination of field peas and wheat seeded at the rate of 1 and 2 
bushels respectively, yielded at the rate of 14.1 tons per acre for silage, 
and 6.2 tons when cured for hay. 


A combination of field peas and Silvermine oats seeded at the rate 
of 1 and 2 bushels respectively, yielded at the rate of 14.8 tons of silage 
and 6 tons of cured hay per acre. 


Fig. 11. Peas and oats for hay or silage. Yield for hay 6.2 tons, for silage 14.8 tons 


7. 
POTATOES 


Potatoes Best on Slopes. Potatoes make excellent yields in some of 
the more sheltered sections of the Valley, especially along the foot hills. 
On the Valley floor proper the crop is sometimes killed by frost. How- 
ever, some very good yields have been secured. 

In most sections, this crop should not be planted until the latter 
part of May. In some sections potatoes may be planted early in April. 


TABLE XI. ANNUAL YIELDS OF POTATOES UNDER IRRIGATION AT THE 
BURNS STATION 


Yield, bushels per acre 


Variety 1919 1921 
tons tons 

BISNIS Bs VOOR wal (CROGT ) 25 5a ovedievnd sts eerica ecto warcascssorsendesttebe ST ae ci eee Att 
LDL de aC) 1s fc ee nee a Poet er ee ee re eee eee ire PIT 83.3 176.0 
Bliss Red Triumph .. PER eT Stead 2 os + CSE nay Re ; 73.3 parc 
Lhe ENG BUEES 8 ig a rete ne IN ARES Se ene eee nee re ne eee eee ee SL.65 7) ) Gees 
LUTE 9 Os Spo) ES aie ee I ae ak el gC, Sea L2G > Wal se 
White Pinkeye (Local) ie 75.0 195.0 
Opi Pe) i ge ee ee ee ee ee Sic”) Wawel co 
i PEP ha Ce ee eats rea Ee Ear ae eee ee ee 91.6 161.0 


ROOT CROPS 


Root crops are not as sure in the Harney Valley as cereal or forage 
crops, but good yields have been secured. 


SUGAR BEETS AND HALF SUGAR MANGELS 


Sugar beets and mangels, like potatoes, are rather uncertain crops 
for the Valley proper, but can be grown to advantage in the warmer 
sections. Mangels make excellent feed for all kinds of stock, and several 
tons have been fed to Station stock with good results. Sugar beets and 
mangels require a finely worked, firm seed bed. They should be seeded 
in rows 30 to 36 inches apart, and thinned to single plants, ten inches 
apart in the row, when the fourth leaf appears. They should be well 
cultivated. 


TABLE XII. AVERAGE YIELDS IN TONS AN ACRE OF HALF SUGAR MANGELS 
AND SUGAR BEETS GROWN UNDER IRRIGATION AT THE BURNS STATION 


Half sugar mangels Sugar beets 
191 1921 


6.2 6.1 


RUTABAGAS 


Rutabagas are hardy and make good yields. The half sugar mangel 
is more readily eaten by stock. 


RATE AND DATE OF SEEDING 


Table XIII gives the best rates of seeding for the various crops 
according to the present data. The dates of seeding will vary more or 
less, according to locality, but are reasonably correct for the Valley 
proper. 
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TABLE XIII. RECOMMENDED RATES AND DATES OF SEEDING IRRIGATED 
CROPS AS WORKED OUT AT THE BURNS STATION FOR HARNEY VALLEY 


Crop Rate of seeding Date of seeding 
Spring wheat 2 bushels April 1 to 25 
Winter wheat 2 bushels Sept. <1, to 15 
Spring barley 2% to 3 _ bushels April 20 to May 10 
Spring oats 2% to 3% bushels April 1 to 25 
Spring rye 2 to 2% bushels April 1 to 25 
Grimm alfalfa 10 to 20 pounds April 25 to June 1 
Clover 10 © to 15 pounds April 25 to June 1 
Field peas 1 «to 2 _ bushels April 1 to 25 
Sunflowers 20 to 25 pounds May 1 to 25 
Peas and grain 

combination 2 to 8. bushels April 1 to 25 
Potatoes 1% to 2 ounce piece per hill May 15 to 25 
Sugar beets 8 to 12 pounds May 15 to 25 
Mangels Sie tot aZ pounds May 15 to 25 
Rutabagas 3 to 5 pounds April 15 to 25 


Fig. 12. Irrigated rotations. Grain continuous, yield 23.3 bushels per acre. 


Fig. 13. Irrigated rotations. Grain on field pea stubble, yield 61.1 bushels per acre. 
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IRRIGATED ROTATIONS 


Several rotations are being tried at the Station. The two giving the 
best results to date are the two- and six-year rotations. 


The two-year rotation, grain following field peas, has given excellent 
results. The yield of Federation spring wheat seeded on field pea stubble 
was 61.1 bushels per acre, while the yield of the same variety of wheat 
grown on a plot of land that had been cropped to grain continuously 
since 1917 was 23.3 bushels per acre. This represents a gain of 37.8 
bushels per acre in favor of the rotation. Effect of rotation upon yield 
of grain is shown in Table XIV. As the depth of irrigation is about 12 
inches a year, rotation has caused the increase in yield of two bushels 
per acre inch. 


TABLE XIV. AVERAGES IN SUMMARY—GRAIN IN IRRIGATED ROTATION. 
BURNS STATION 
Average 
Rotation Barley Barley Barley Barley Wheat of barley 
No. Crop sequence 1917 1918 1919 1920 1921 (all yrs.) 
bu. bu. bu. bu. bu. bu. 
1 Grain Continuous.............. 21.26 30.76 29.2 46.26 32.6 31.87 
Grain after field peas‘... 518.8 59.85 36.76 81.8 47.9 59.47 
42and5 Gain over continuous... — ........ 29.09 7.56 35.54 15.3 34.26 
4 Grain after roots.............. 514.9 158.0 27.4 83.5 45.5 55.4 
Gain over continuous...... 0 ~....... 127.24 -1.8 87.2 12.9 Lit 
3 Grain after green man- 
UG G2 pees eee eee eee 514.0 56.3 34:00 eae 33.8 45.1 
Gain over continuous.....20 9 ....... 25.5 LD So Pree tn 12 15.1 
6 Grain—rye hay — pea 
LOE TOA ae rst ee ered ne ene a Lies) 35.6 QUT OV een. meter 31.68 
Gain over continuous......— .......- 4.9 =A ewe) eke 1.75 
if Alfalfa 4 yrs. Grain 2 
VRS oe eare rete cece eek ke okceecese SPAS ea Nee oars BAU e) hae We eee se 
GSM OVELSCOMUMUOUS.5- of keccesc, |  eezwcs ere eben C:D a Geen 
Average all rotated grain _......... 50.58 31.38 82.6 41.5 54.85 
Average increase all ro- 
LAtIO Ne ee an ee ol ebsnaee 19.83 2.18 46.34 8.9 22.78 


JAfter fallow 1918 not included in average. 

2Pea hay. 

8Grain and alfalfa (alfalfa not completely eradicated). 
‘Field peas substituted for sweet clover in rotation 5. 
‘Grain first in rotation. Not included in average. 


Fig. 14. 


Fertilizer experiment with Federation wheat. 
to left yielded at the rate of 79.5, 80.0, 80.7, and 80.0 bushels per acre. 


The first four plots from right 
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Crop rotations that include leguminous crops, not only maintain the 
nitrogen of the soil but may build it up, thus increasing the producing 
power and returns per unit of water. 
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ROTATED CONTINUOUS 


=~ 1 4Z1—= Irrigated Rotation- Harney Bratch Station > 


Groin Rotated vs, Grain Continuous 


Pent TS. . 
Higher Yields Lower Yields 
Lower Woter Cost Hig her Water Cost 


Fig. 15. Irrigated rotation, 1921, Burns Experiment Station. 


TIME AND FREQUENCY OF IRRIGATION 


The object of irrigation is to maintain a favorable supply of water 
for the crop through its period of development. 

It is not possible to lay down any hard and fast rules for the irri- 
gation of crops. The man who has handled crops to any extent will be 
able to tell from the general appearance of the crop, and condition of the 
soil, when to apply water. The crop should not be allowed to burn before 
water is applied as this will check growth to a marked extent. As a 
rule, when the plants have a dull green color and begin to droop, they 
are very near the danger point. Crops that have plenty of water have 
a bright green color and a thrifty appearance. 

An excess amount of moisture will cause a rank straw growth at 
the expense of the yield of grain, will cause lodging and delay maturity. 
Over-irrigation prevents the proper circulation of air through the soil 
about the roots and causes the plants to turn yellow. 

Frequent, light irrigations, are better than heavy irrigations at long 
intervals. The irrigation season should be shortened, depending on the 
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locality, so that the crop will have time to mature before danger from 
fall frosts. Late irrigation delays maturity and causes a great deal of 
lodging. 


DUTY OF WATER 


While this experiment is still incomplete, the results to date warrant 
the recommendation of the following amounts of water for the crops 
listed below: 


TABLE XV. SHOWING THE ACRE INCHES OF IRRIGATION GIVING THE BEST 
RESULTS AT THE BURNS STATION 


Total acre inches of 


Crop Variety water applied to crop 
Spring wheat Federation 12 
Winter wheat Turkey 1558 12 
Barley Hannchen and Trebi 12 
Oats Rustless Selection 12 
Spring rye Vern, S. P. I. (26101) 12 
Alfalfa Grimm 18 
Clover White Sweet 15 
Field peas Kaiser 12 
Sunflowers Mammoth Russian 20 
Combinations Kaiser peas and 

Silvermine oats 2-15 
Potatoes Red pinkeye 10 
Sugar beets Sperling elite type A 12 
Mangels Half Sugar 5 by 
Rutabagas 12 


COMPARATIVE YIELDS OF DRY LAND AND IRRIGATED CROPS 


The object of introducing this paragraph, and Table XVI, is to afford 
the prospective irrigator a working basis for a comparison of the two 
methods of farming. The results in this table represent average yields 
of two to five years, for the various crops grown. 


TABLE XVI. SHOWS THE COMPARATIVE, AVERAGE YIELDS, OF DRY AND 
IRRIGATED CROPS, IN BUSHELS OR TONS PER ACRE, THE 
GAIN OF IRRIGATED OVER DRY LAND CROPS, 
AND THE NUMBER OF YEARS GROWN 


— Yields, in bushels or tons per acre—— Gain irrigation 

Crop Dry land Irrigated Years grown over dry land 
Spring wheat 19.5 36.6 5 TIA Da: 
Winter wheat 13.0 49.0 3 36.0 bu. 
Barley 16.1 52.5 5 36.0 bu. 
Oats 18.2 59.8 5 31.1 bu. 
Spring rye 15.4 20.7 4 5.3 bu. 

Alfalfa (Grimm) 12 4.8 4 3.6 tons 
Field peas 12, 28.7 4 21.7 bu. 

Sunflowers (silage) 23.0 54.4 2 31.4 tons 
Potatoes 17.3 144.3 4 67.0 bu. 


Note: Yields for the years 1917 and 1918 under irrigation, are abnormally low, due 
to heavy grading and do not represent the productive power of average Harney Valley 


soils. 
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THE COST OF IRRIGATION BY PUMPING 


In order that the settlers in Harney Valley who are thinking about 
the installation of pumping plants, may have some basis for estimating 
the probable costs, the data on the plant at the Burns Station are herein 
presented. 


The plant as it has been operated consists of one eight-inch well, 
drilled 218 feet deep, and cased down 100 feet from the surface. The 
pump is a 4-inch horizontal, centrifugal, and is located in the bottom 
of a pit about 8 feet fromthe surface of the ground. The intake is not 
fastened to the casing, direct, but extends down into the 8-inch casing, 
20 feet, and is attached to the top of the casing with an air-tight collar. 
This pump is operated with an 8-horse-power gasoline engine. 


The water is of semi-artesian flow and stands within five feet of 
the surface of the ground when the pump is not operating. When the 
pump is throwing % of a second foot, the water stands at about 12 feet 
below the level of the pump. 


In order to arrive at the actual cost of irrigation, by pumping, the 
subject must be considered in its several divisions. In this report, they 
will be handled under the following headings: 


1. First cost. This includes drilling and casing the well, engine, 
pump, belt, retaining walls, and installation. The engine may be used 
for threshing and other purposes. 


2. Operating expenses. This includes labor, fuel, and lubricating 
oil. 


3. Maintenance charges. Covering interest on the first cost, de- 
preciation (figuring that the entire plant except the well must be re- 
newed in ten years), and repairs. 


4. Total annual cost. This equals the sum of (2) and (3). 


The cost, operating expenses, and maintenance charges of the Burns 
Station pumping plant are given below: 


1. First cost. 


Drilling wellQuai Pee tec eo. 5 cece see eee coe So ato $ 298.00 
Casing: “for, well Se ret eee Pee ea ee cen ats ee 391.32 
4-inch centrifugal pump and belt 
Installation: of “pump (ss en eee ee rao eee 
8 Horse-power gasoline engine .. ess 
Lumber for retaining walls and belt. incline 


Total’ first: Cost: .2cc-cocst ate. 5 ee ae ee ee $1074.32 
First! cost: per aeregen 24 oo a an oe ee epee cs 26.86 


(Not including leveling and ditches which are considered fairly permanent 
land improvements.) 


2. Operating expenses. 


P 
WaADors @eS2:5 0h per .d ayn ce eee ee Serie ee |e oe 
Fuel, 10 gal. (1 pt. per H. PL per hour).. ene eRe 32 
abnicatine oills'(5:-miallse pers Ho Um) meee eee eee ee een a .005 
-575 


This plant will furnish 34 of one second-foot, or will cover one acre 9 inches 


deep in 12 hours. To cover 40 acres one foot deep, it will take 640 hours, 
or 64 days of 10 hours. 
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3. Maintenance charges. 
Interest on “First cost’? of plant @ 6 pércent 22.0..0.02%occccecceceeceeceeceeeee $ 64.46 
Depreciation and repairs (replace plant in 10 years).............0..000...-.. 107.43 
4. Total annual cost. 
Miecliabre2ecper hour JOehours, 64 (Gays) o.-rs.s cece eee recs eee $204.80 


Labor at 25c per hour, 10 hours, 64 days ............. 160.00 
Lubrication, 5 mills per hour, 10 hours, 64 days 3.20 
Total annual cost of irrigating 40 acres one foot deep... : sececees 909289 
Costs pers acre O0tseee ss en Pees ete cutee on ena ag; cee hat soy, Re ee . 18.50 
Costiperracre foot pers foot pumping Milt ec... e ee eee -60 
COste perp ACre mince etree eee on eee en ose ey, Le de 1.125 
TABLE XVII. COST, VALUE, AND PROFIT FROM IRRIGATION 
Ave gain Irrig. 
irrig. over Value Depth total Net gain 
dry of of annual Net gain or loss 
per acre gain irrig. cost or loss per acre 
Crop (Table 16) per acre (Table 15) per acre per acre inch 
in. 
Spring wheat $17.10 12 $13.50 $3.60 $0.30 
Winter wheat 36.00 12 13 50 22.50 1.88 
Barley 27.00 12 13.50 13.50 1.125 
Oatismee cee 15.55 12 13.50 2.05 a rg 
Spring rye . 5.30 12 13.50 8.20 loss .638 loss 
Alfalfa. ccs 25.20 18 20.25 4.95 .28 
Field peas 65.10 15 16.88 48.22 ByAl 
Sunflowers OS ae : , 125.60 20 22.50 103.10 5.16 
Potatoes] —..-.:, Races ¢ : 80.40 10 11.25 69.15 6.92 


In Table XVII crop increases have been valued as follows: 


Wheat and rye at $1.00 bushel; barley 75c bushel; oats 50c bushel; 
field peas $3.00 and potatoes $1.20 bushel. Alfalfa at $7.00 ton and sun- 
flowers at $4.00. The high yield of sunflowers and low yield of potatoes 
causes the former to assume a high rank as to net profit from irriga- 
tion. This would be reduced if the value of fertility removed by sun- 
flowers were deducted. Rye is found to be unprofitable at any reasonable 
price while field peas show a very good net return. 

Net gain as figured here does not include original cost and main- 
tenance cost of distribution ditches or preparation of land for irrigation, 
since these are considered fairly permanent improvements. Nor does it 
take into account the increase in cost of harvesting and marketing the 
increase in yield per acre. On the other hand, by irrigation a crop is 
produced each year, while under dry farming the land is in fallow one 
year out of two. There is more profit in large crops and fallow involves 
expense. 

The figures given, therefore, are only an approximation to be used 
as a guide by the individual farmer until yields and costs are available 
over a longer period of years. 


The following tables give the flow of water over weirs, and the time 
required for application of a given amount of water in irrigation. 
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APPENDIX 


Table XVIII gives the flow of water over weirs in cubic feet 
per second. 


TABLE XVIII. DISCHARGE OF STANDARD CIPPOLETTI AND STANDARD SUP- 
PRESSED RECTANGULAR WEIRS IN CUBIC FEET PER SECOND 


Head Head 
depth depth . 
in in a Width of weir in feet 
inches feet 0 care 1.5 2.0 2.5 3.0 4.0 
-20 30 45 -60 ms) -90 1.20 
21% Ail 22 49 .65 81 oO 1.30 
s 122 135 52 69 87 1.04 1.39 
234 .23 37 56 -74 -93 i alg 1.48 
.24 -40 59 -19 -99 119) 1.58 
3 -25 42 -63 .84 1.05 1.26 1.68 
.26 45 67 .89 gs Ea 1.34 1.78 
38y% saul AT af fik 94 1.18 1.42 1.89 
-28 50 ais) 1.00 1.25 1.50 1.99 
8% an) 53 19 1.05 1.32 1.58 2.10 
30 55 83 iigatal 1.39 1.66 Quand 
38% 31 58 87 1.16 1.45 1.74 2.32 
32 61 91 1.22 1:53) 1.83 2.44 
4 33 64 96 1.28 1.60 1.91 2.56 
34 67 1.00 1.33 1.69 2.00 2.67 
4, 35 70 1.05 1.39 1.74 2.09 2.79 
36 73 1.09 1.45 1.82 2.18 2.91 
4% 37 76 1.14 1.52 1.90 2.27 3.03 
38 79 1.18 1.58 1.98 2.37 3.15 
.39 .82 1.23 1.64 2.05 2.46 3.28 
434 -40 -85 1.28 1.70 2.13 2.56 3.41 
AL .88 1.33 alsrdy/ pp 2.65 3.53 
5 -42 192 1.37 1.83 2.29 2015 3.66 
43 -95 1.42 1.90 2.38 2.85 3.80 
5 44 -98 1.47 1.97 2.46 2.95 3.93 
AB 1.02 alasy 2.03 2.54 8.05 4.06 
5144 -46 1.05 1.58 2.10 2.63 3.15 4.20 
AT 1.09 1.63 247, PATOL 3.25 4.34 
5% 48 v.12 1.68 2.24 2.80 3.36 4.48 
-49 TENG: 1.73 2.31 2.89 8.46 4.62 
6 -50 1.19 1.79 2.388 2.98 3.57 4.76 
51 1.23 1.84 2.45 3.07 3.68 4.90 
6, -52 1.26 1.89 2.52 3.16 3.79 5.05 
53 1.30 1.95 2.60 3.25 3.90 5.20 
6% 54 1.34 2.00 2.67 3.34 4.01 5.34 
; -55 1.37 2.06 2.75 3.44 4.12 5.49 
634 -56 1.41 2.02, 2.82 3.53 4,23 5.64 
57 1.45 207 2.90 3.63 4°35° 5 5.79 
a 58 1.49 2.23 2.97 3.72 4.46 5.95 


The body of the table gives the flow in second-feet when given depths of water flow 
over weirs of various widths. 

Example: A stream 414 inches deep over a two-foot weir delivers 1.52 cubie feet 
per second. 

The Management of Sandy Soils Under Irrigation. Oregon Agri. Col. Exp. Sta. 
Bulletin 177, by H. K. Dean. 
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SUMMARY 
1. Infectious abortion is widespread in Oregon. 


2. It causes at least 90 percent of all the abortions in this 
state. 


; 3. Infectious abortion causes very serious loss to the dairy 
industry. It is a factor that brings financial disaster to hundreds 
of dairymen. 


4. The germ which causes this disease lives in the fluids of 
the pregnant uterus and in the udder. 


5. The infected cow is the principal source of the contagion. 
She is most dangerous at the time of calving or aborting. 


6. Pregnant cows and heifers are very readily infected 
through pen or pasture exposure to aborting cows. 


7. It has not been possible to spread the disease through the 
use of bulls which had served infected cows. 


8. Heifers fed infected milk as calves will not carry the 
germs and abort after they are bred. 


9. There are no diagnostic symptoms of abortion. Many in- 
fected animals give birth to live, vigorous calves. Such cows may 
be very active spreaders of the disease. 


10. The disease can be diagnosed by a blood test. 


11. No cure for abortion has been found. It is not even 
claimed that bacterins and vaccines will rid cows of this disease, 
but it is claimed they will prevent the act of abortion. They are 
still in the experimental stage. 


12. With our present knowledge two methods of control and 
eradication are available. One is to test all animals, slaughter or 
sell all reactors, thoroughly clean and disinfect the premises, and 
develop a clean herd from the abortion-free animals. The other 
method is to test the herd, divide it into two parts, and keep the 
infected animals for breeding purposes. Extreme care must be 
exercised if this method is to be successful. 


13. Owners of abortion-free herds should never introduce into 
their herds females that have not been blood tested. In buying 
new stock it is safest to procure young, unbred heifers. 


14. A large amount of investigational work remains to be 
done with this disease. Cattle owners, investigators, and state 
livestock sanitary officials must cooperate in finally controlling 
infectious abortion. 


 ——————————————————— 


Healthy looking cows, but more than sixty abortions followed their introduction into 
an abortion-free herd. 


Infectious Abortion of Cattle 
By B. T. SIMMS and F. W. MILLER 


The investigational work reported in this bulletin was done with 
funds appropriated by the Oregon Legislature, in 1919 and 1921, at the 
request of the Oregon Dairy Association for investigation of diseases of 
dairy cattle. 


Infectious or contagious abortion is a disease of cattle which is 
found in nearly all parts of the civilized world where considerable num- 
bers of cattle are kept. It is more serious among dairy than beef ani- 
mals but is quite prevalent among beef herds. Even under range eondi- 
tions this disease has sometimes caused heavy losses. 

In Oregon infectious abortion exists in practically every county. 
While not as prevalent here as in some of the older dairy states, it is 
spreading gradually. Several thousand tests conducted at the Experi- 
ment Station indicate that about 15 to 20 percent of all of the dairy 
cows in the state are infected. It has been found, moreover, that at least 
90 percent of the aborting cows of this state are infected with this 
disease. Occasionally animals abort which are not infected, but they are 
relatively rare. ; 


ECONOMIC LOSSES FROM ABORTION 


During the past seven years the Veterinary Medicine department of 
the Oregon Agricultural Experiment Station has been collecting data 
concerning economic losses from infectious abortion. Some herds have 
been studied where owners have kept accurate records of all incomes, 
both before and after the introduction of this disease. In other herds 
individual records of all cows have been kept. By blood testing this type 
of herd it has been possible to compare income from both infected and 
abortion-free animals of approximately the same breeding which have 
been fed and handled in approximately the same manner. Such studies 
show that the losses may be the result of four different disturbances, all 
of which follow infectious abortion. These are abortion, sterility, garget, 
and decreased milk production. 


Loss of Calf. Many owners believe the loss of the calf is the most 
serious result of abortion infection, but these studies have shown that 
even in well-bred registered herds the calf loss is the least serious of the 
four. The percentage of infected cows which abort varies greatly in 
different herds and in the same herd in different years. In some instances 
it is as high as, 80 to 90 percent, while in others it may be as low as 5 
percent or even less. It is difficult to form an estimate, but in these 
studies more than one-fourth of the infected cows have aborted. The 
value of each calf lost varies from practically nothing for scrub dairy 
calves to several hundred dollars for calves from high-producing regis- 
tered dams. 

Sterility so commonly accompanies abortion that many dairymen 
consider it as a symptom of the disease. Nearly every abortion-infected 
herd studied has had more or less sterility. These cases are almost al- 
ways among the abortion-infected rather than among the abortion-free 
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cows of the herd. The percentage of sterile cows has varied in different 
herds. A conservative estimate places the permanently sterile animals 
at 10 to 15 percent of all abortion-infected cows and the shy breeders 
at 15 to 20 percent of all infected animals. This means that abortion 
causes a minimum annual loss in Oregon of 5,000 to 7,000 sterile cows 
in addition to about 10,000 which are shy breeders. This represents a 
loss of nearly a million dollars annually. 


Garget or mastitis has been much more prevalent in abortion- 
infected than in abortion-free animals. This trouble usually develops 
after cows have been infected for more than a year rather than at the 
beginning of an outbreak. It is not unusual to find a herd in which the 
percentage of abortion is decreasing while the diseases of the udder are 
increasing. One herd of 71 cows was blood tested and divided into two 
groups, there being 44 infected animals and 27 abortion-free animals. 
In a three-year period there were 31 cases of garget among the 44 in- 
fected cows while there were only 2 cases among the 27 abortion-free 
cows. 


Decreased milk production is practically always noted in abortion- 
infected herds. Dairymen interviewed have usually reported a decrease 
of nearly one-half in milk production following outbreaks of abortion. 
Where accurate individual records of all cows have been available, this 
loss has varied from’ almost nothing to 100 percent in various cases, with 
an average of about 25 percent in the infected cows. These studies have 
included all cows infected, many of which have given birth to normal 
calves. 


Estimating that 20 percent of Oregon cows are infected and that 
these average a loss of milk flow of approximately one-fourth, this indi- 
cates an annual loss in milk production of nearly one million dollars. The 
results of abortion disease alone are thus costing the livestock industry 
of Oregon more than two million dollars every year. This disease is 
bringing financial ruin to hundreds of dairymen each year. 


CAUSE 


The germ causing this disease is known as Bacillus abortus. It can 
be seen only with the aid of a microscope. All experiments indicate that 
this germ does not grow naturally outside the animal’s body. It can be 
grown in laboratories, however, thus making it possible to study the 
germ under experimental conditions. It will live for several weeks to 
several months in yards, barns, etc. Exposure to dry air and sunlight 
hastens the death of the germ. 

At the Oregon Experiment Station the abortion germ has been found 
in only two organs of the cow, namely the udder and the uterus. It has 
been found in the stomach, spleen, and other organs of aborted calves or 
living calves coming from abortion-infected dams. This infection will 
persist for months or even years in the udder, but in the uterus it dis- 
appears one to three months after calving. 

The most serious source of these germs is the fluid in an infected 
pregnant uterus. This liquid is literally teeming with bacteria. They 
escape in large numbers with the calf whether there is an abortion or a 
live calf is born. The infection, moreover, continues to escape for sev- 
eral days to two or three months following aborting or calving. 
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Cows with infected udders give off these germs in their milk. An 
infected udder may pass germs from only one quarter, and it may pass 
germs in the milk only a part of the time. The amount of infection com- 
ing from the udder is relatively’small when compared to that in the 
discharges from the uterus at the time of aborting or calving. 


Calves born from infected cows may pass the germs in their dung 
for a few days. It is also possible that calves fed abortion-infected milk 
will continue to void these bacteria in the dung as long as such milk is 
consumed. 


Some investigators have found a few bulls which were infected. 
Such animals may have abortion germs in their testicles and may pass 
them out in the semen. Abortion-infected bulls are very scarce in Ore- 
gon. The Experiment Station has not found any bull which throws off 
the infection in this manner. 


METHODS OF SPREAD 


An extended study of the methods of spread of abortion has been 
made. Various dairymen and investigators have claimed that the trouble 
is spread by the bull at service, through infection of calves by infected 
dams before birth, through feeding infected milk to calves, through pen 
or pasture exposure of unbred heifers to aborting cows, and through pen 
or pasture exposure of pregnant heifers or cows to aborting animals. 
All of these have been tested at the Oregon Experiment Station. 


Bulls Have Not Spread Abortion. Approximately fifteen bulls have 
been used in a study of the possibility of the spread of the disease 
through the bull at service. These have been bred to cows which had 
aborted and then to abortion-free cows or heifers. In some instances 
bulls were bred during the morning to a cow which had aborted and dur- 
ing the afternoon to sound heifers. All told, more than 100 calves had 
been sired by these bulls. In no instance has there been any evidence 
obtained that the bull has spread the disease. 


Abortion Is Not Inherited. The possibility of calves from infected 
dams becoming infected before birth has been studied by observing both 
heifers and bulls born from infected cows. Such calves have not inherit- 
ed the infection. If they are fed milk from their dams they will frequent- 
ly give positive blood tests during the first few months of their lives, 
but if this milk is discontinued before the sixth or seventh month the 
blood test changes to negative. If such heifers are not exposed later in 
life they remain negative to blood tests and give birth to normal calves. 

Heifer Calves Are Not Infected By Drinking Infected Milk. More 
than 90 heifers have been used in studying the possibility of spreading 
abortion through feeding infected milk. These heifers have been fed 
raw milk from an abortion-infected herd. This milk has been tested at 
intervals for abortion germs by injecting guinea pigs. Such tests have 
shown that the infection has been present. All these heifers have re- 
mained negative to blood tests and have given birth to normal calves, if 
they were not exposed after the milk feeding period had passed. 

Unbred Heifers Are Not Easily Infected. Pen and pasture exposure 
of unbred heifers has been studied by using animals between the ages 
of 7 and 18 months. They have been penned and pastured with aborting 
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cows. Monthly blood tests have been made on these to determine whe- 
ther they became infected. Only a small percentage have changed from 
negative to positive blood tests. It has been noted, though, that as the 
heifers grow older and the udder tissue increases in amount they may 
become slightly more susceptible. In cases of infection in this manner 
the bacteria very probably become localized in the udder. 


Pregnant Cows and Heifers Are Easily Infected. Many experiments 
with pregnant heifers and cows have been conducted. The first one of 
these consisted in using eight pregnant heifers. They were penned with 
three cows which aborted while with them. Five of these heifers aborted. 
Further experiments showed that it is very easy to infect pregnant 
animals through penning or pasturing them with abortion-infected cows. 


Infection Enters the Body Through the Mouth. In an effort to de- 
termine how the bacteria enter the body of the susceptible animals, preg- 
nant cows have been given abortion germs in water through their diges- 
tive tract. Cows used in this experiment have been negative to blood 
tests before the experimental work began. They have changed to posi- 
tive blood tests and have either aborted or given birth to weak pre- 
mature calves. The germs have been found in the stomachs of calves 
aborted by these cows. These experiments have shown that it is easy 
to infect pregnant cows by giving the germs through the digestive 
system. Such experiments, moreover, have been successful even as late 
as the seventh month of pregnancy. 


Cleaning Stalls Without Disinfecting Them Is Not Satisfactory. In 
still another test two cows were allowed to abort in a stall. This stall 
was cleaned out down to the concrete floor but was not disinfected. After 
a week had passed a negative cow was placed in the stall. This cow 
changed to positive in less than one month and aborted. 


SYMPTOMS 


There are no absolutely positive symptoms of abortion. The most 
generally recognized symptom is the act of abortion. It is true, though, 
that many infected animals give birth to apparently normal calves. Such 
cows may be very dangerous as spreaders of the disease, though they 
themselves carry their calves full time. In animals which do lose their 
calves the loss may occur any time during pregnancy. At this Experi- 
ment Station cows have been observed to abort as early as the seventh 
week and as late as the middle of the ninth month of pregnancy. Many 
dairymen say cows do not abort before the fifth month. Up to this period, 
however, calves are so small that they are not seen when aborted. 


Retained after-birth or failure to clean is another very common 
symptom in infected cows. This follows both abortion and delivery of 
live calves, but this trouble is sometimes quite prevalent in herds not in- 
fected with abortion. 


Studies at this Station have shown that sterility, enlarged joints, 
garget, and lessened milk production are very frequent in infected cows. 
Since these troubles are occasionally seen where abortion is not present 
it is not possible to make a positive diagnosis by observing them. As 
stated above there are no symptoms by which a high percentage of 
abortion-infected cows can be detected. 
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METHODS OF DIAGNOSIS 


Two laboratory blood tests for diagnosing this disease have been 
found by investigators to be satisfactory. These are the agglutination 
test and the complement fixation test. Of these the agglutination is 
the simpler and in the hands of most investigators has been just as sat- 
isfactory. This is the test used at the Oregon Experiment Station. 
After running several thousand of these blood tests it seems to be as 
accurate as any of the tests for disease. It will not foretell an abortion, 
but it will detect the abortion-infected cows. Animals infected experi- 
mentally usually react in two to six weeks after they are given the 
organism. 

This test is conducted in the following manner. Blood is collected 
from the jugular vein of the cow to be tested and set aside in a cool place 
until it clots. As the clot grows older it contracts and squeezes out a 
clear liquid called serum. In the laboratory the abortion germs are 
grown and then suspended in a weak salt solution. Enough germs are 
placed in this solution to make it slightly cloudy. Measured amounts’ of 
this suspension are then placed in test tubes, three tubes usually being 
prepared for each animal that is to be tested. Then serum is added in 
such quantities that the first tube will contain 1 part of serum to 50 parts 
of bacterial suspension; the second tube, 1 part of serum to 100 parts 
suspension; and the third tube, 1 part to 200. The tubes are stored in a 
dark place and examined at the end of the third day. If a cow is infected 
her serum will cause the bacteria to agglutinate or clump together. 
These clumped germs will settle to the bottom, leaving a clear solution. 
If a cow is not infected her serum will have no influence and the bac- 
terial suspension will remain cloudy. 

In some cases a diagnosis can be made by finding the abortion germs 
either in the milk or in the uterine discharges. This is usually done by 
injecting guinea pigs and producing the disease in them. This method is 
too slow and too expensive ever to come into general use. 


DURATION AND OUTCOME 


Infectious abortion is essentially a chronic disease. Some cows un- 
der observation at this Experiment Station now have been infected for 
more than six years. While infection usually disappears from the 
uterus a few weeks after calving or aborting it remains more or less 
permanent in the udder. It is probably true that some animals do make 
complete recovery, but studies at this Station indicate that this is rel- 
atively rare in dairy cows. It is a mistaken idea that cows will abort 
only once or twice and then become immune. Many cows abort the 
third time. Two cows under study now have aborted five times each. 
Dairymen have learned from experience that aborting cows are many 
times shy breeders. It has become a general practice, therefore, to seil 
any cow that aborts a second time. This is one reason that cows that 
have aborted three or more times are not very plentiful. 

The course and severity of the disease vary greatly in different 
herds. In some outbreaks half to two-thirds of the pregnant animals may 
abort one year and only 5 to 10 percent abort the next time. Some herds 
have been studied in which abortions were very numerous one year, while 
the following season all cows carried their calves full time only to have 
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quite a number of abortions in the next pregnancy. Other herds under 
observation have had heavy losses annually for six or seven years in 
succession with no material decrease. 


Data collected indicate possibly some relation between the method 
of handling a herd and the course of an outbreak. In those herds that 
are bred so that all the cows freshen during one season, outbreaks are 
many times very severe, but frequently the percentage of abortions oc- 
curing in the following year is quite low. On the other hand herds that 
are bred so that some cows freshen each month frequently have a less 
severe initial outbreak but a higher percentage of abortions in the fol- 
lowing year. More data on this are being collected. 


TREATMENT 


No method of curing abortion infection is known. Many remedies 
have been recommended but none of them have stood the test of time. 
The claim that various forms of lime salts will cure the trouble has not 
been proved. It is a significant fact that abortion is very common in 
those sections of the country where the soils contain large amounts of 
lime and where the foods generally used are those relatively high in 
this substance. Administration of drugs seems to have no influence in 
the course of abortion. An occasional cow probably makes a complete 
recovery, but such animals are rare in the herds studied by this Station. 
The only safe procedure is to consider that once infected means always 
infected unless there is definite proof to the contrary. 


Abortion bacterins and vaccines have been widely advertised and 
used during the past few years. The bacterin is a suspension of dead 
abortion bacteria in a weak salt solution, while the vaccine is a suspension 
of live abortion germs in a salt solution. It is interesting to note that 
the various investigators that have recommended these substances differ 
very widely in size of doses, number of doses necessary to produce immu- 
nity, etc. Abortion varies so much in different herds that it is very 
difficult to interpret results following these injections. Some investi- 
gators have reported excellent results, while others have failed to find 
any virtue in either the bacterin or the vaccine. As a matter of fact 
these are not yet beyond the experimental stage. The Oregon Station 
has begun a rather limited study of the vaccines, but it will take several 
years to obtain definite proof that this is either valuable or worthless. 


It should be borne in mind that neither the bacterin nor the vaccine 
is supposed to rid cattle of abortion infection. They are used with the 
hope that they will increase the resistance and enable the injected animals 
to carry their calves to maturity. 


Furthermore, the use of the vaccine may result in establishing in- 
fection in clean animals. It should therefore be used very cautiously and 
only in unbred animals which will very probably be exposed to the in- 
fection during pregnancy. Cattle owners should not be deceived by 
offers to guarantee results. These substances are sold at very substan- 
tial profit, and manufacturers can afford to reimburse a goodly percent- 
age of their customers and still make a profit on the production cost. 
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METHODS OF CONTROL AND ERADICATION 


Since no method of curing infectious abortion has been found, it is 
all the more necessary that methods of control and eradication be worked 
out. At the Oregon Experiment Station all investigational work with 
this disease has been planned and carried out with this end in view. 


Non-Infected Herds. In considering control all herds may be divided 
into two groups, those not infected and those infected. Every dairyman 
whose herd is free from the disease should take every precaution to 
keep this most serious trouble out of his herd. He should be just as 
careful concerning this disease as he is concerning tuberculosis. No new 
animals should be brought into the herd without a blood test being made 
before they are allowed to mingle with the herd; then there should be a 
second test after 60 days. Stray cows and heifers should be kept out of 
pastures, barn lots, etc., in which the abortion-free animals are kept. A 
rather common method of spread consists in pasturing pregnant heifers 
and dry cows of an entire neighborhood in a single pasture. Under such 
conditions a single infected cow may spread the disease to a large num- 
ber of herds. 


Infected Herds. The infected herd presents a far more difficult prob- 
lem. At the Oregon Experiment Station two methods of handling such 
herds are being studied. One consists in blood testing all cattle, selling 
off all reactors, thoroughly cleaning and disinfecting the barn, and then 
retesting every 30 to 60 days until the herd has passed at least three 
tests. This method has been tried out sufficiently to show that it will 
give results under some conditions. Not enough data have been ac- 
cumulated, as yet, to be sure that this will be successful in every section 
and under all systems of herd management. This is the method recom- 
mended for all herds showing less than 8 to 10 percent reactors and in 
most herds into which the disease has been introduced very recently. 
Such a procedure may seem very drastic, but figures collected show that 
abortion-infected cows are usually money losers. The sooner they go 
for beef, therefore, the better off the owner will probably be. After a 
herd is once free, of course every precaution must be taken to keep it 
clean. 

The second method is a far more difficult one. It consists in blood 
testing the entire herd, separating the infected animals from those not 
infected, and keeping the infected cows separate until a sufficient number 
of non-reacting heifers have been raised to fill the herd. This involves 
the maintenance of a rather rigid quarantine. Garget, sterility, and less- 
ened milk production frequently appear to such an extent among the in- 
fected animals that they are money losers, but in high-priced pure-bred 
herds such a method of control of abortion and reestablishment of abor- 
tion-free herds may be warranted. This method of control is still in the 
experimental stage. It has given satisfactory results in some herds, but 
only in those owned by men who would keep the infected cows absolutely 
separate from the sound ones. The expenses of following this plan are 
so great that it can be used economically only in herds of good cattle. 


No economical method of eradicating abortion from badly infected 
herds of common cattle has been found. Perhaps vaccination may in- 
crease the resistance of these animals to some extent, but as stated else- 
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where the vaccines are still in the experimental stage. With the present 
knowledge of the disease it seems advisable to sell any grade herd in 
which the disease has become so severe that the animals are losing money 
for the owner. 


QUARANTINE AND STATE REGULATIONS 


Many owners have urged that the State Livestock Sanitary Board 
through the office of State Veterinarian should take control of infectious 
abortion and handle it similarly to present methods of handling tuber- 
culosis. They have believed that infected herds should be quarantined, 
that blood tests should be required of all animals offered for sale at 
public auction, and of all animals exhibited at state fairs, and that no 
cattle should be brought into the state for breeding purposes unless they 
have been tested and found free from contagious abortion. 


The time does not seem to be ripe for such drastic action as yet. A 
great deal is still unknown concerning this disease. The percentage of 
infected cattle is very high, and cattle owners are not as yet awake to 
the seriousness of contagious abortion. Before quarantines can be estab- 
lished and state control can be undertaken, a large amount of investiga- 
tional work must be done. The livestock owners, too, must be thorough- 
ly informed as to the economic losses caused by this disease. At the 
present time at least, each owner must be very largely his own sanitary 
and quarantine officer. 


THE FUTURE 


Contagious abortion is becoming more widespread and more serious 
as time goes on. Its ravages must be checked or it will bring financial 
ruin to increasing numbers of cattle owners. In order that this may be 
accomplished all forces concerned must band together for the fight. The 
investigators must push forward finding new truths, making new dis- 
coveries, and working out new methods of applying them. Individual 
dairymen and beef producers and all dairy and beef associations must 
support the Experiment Station in doing this work. The progressive 
dairymen and beef producers must educate the less progressive to the 
dangers of the trouble. As soon as investigations and educational work 
have made such action possible, state livestock sanitary officials must 
take proper steps toward control and eradication. Perhaps abortion-free, 
accredited herds can be established. Then abortion-free areas and finally 
abortion-free counties may ultimately be realized. Such results can only 
come through continuous and increased cooperation of investigator, live- 
stock owner, and livestock sanitary official. It will be a long fight and a 
hard one, but the victory will be well worth all the effort. 


This opportunity is taken to thank the various cattle owners of the 
state who have cooperated with the Experiment Station in the work. 
Acknowledgment is also made of the admirable cooperation given at all 
times by the Dairy Husbandry department of the College. 
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SUMMARY 


Alfalfa Hay alone produced a daily gain of .97 pound when 
fed to two-year-old steers. The steers were given a daily ration 
of 37 pounds, of which they refused 5 pounds. 


Chopping Alfalfa Hay for fattening steers increased the 
gains and saved waste. One ton of chopped hay made 13 
percent more gain than one ton of long hay. The cost of chop- 
ping in these tests was about $3.00 a ton. Under normal con- 
ditions this amounts to more than the increased value of the 
chopped hay. 


Alfalfa Hay and Grain produced 30 percent more daily 
gain than hay alone. One pound of rolled barley replaced three 
pounds of alfalfa hay. It made but little difference whether a 
small ration of grain was fed throughout the entire feeding 
period or a heavy feed of grain during the latter part of the 
period. 


Alfalfa Hay and Silage produced 64 percent more gain than 
hay alone, while the daily feed cost was approximately the same. 
The steers fed hay and silage were fatter and dressed out more 
than those fed hay alone. Alfalfa hay and corn silage, or peas 
and barley silage, make the most economical and satisfactory 
ration for fattening two-year-old steers for the Western market. 


Meadow Pasture produced a daily gain of 1 pound during 
the first month, 2.39 pounds the second month, 2.31 pounds the 
third month, and .7 pound the fourth month. Steers finished on 
pasture topped the market. 


Management of Fattening Steers to produce good gains re- 
quires that one handle the cattle gently, make feed-yard condi- 
tions comfortable, use a good quality of feed stuffs, feed regu- 
larly, use care in the selection of the feeder cattle, and feed 
nothing but good, thrifty individuals of beef breeding. 


& 
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Fattening Steers 


By 
E. L. POTTER and ROBERT WITHYCOMBE 


INTRODUCTION 
(This bulletin is a revision of Bulletin No. 174 published in August, 1920, and 
which is now out of print. This publication includes all of the’ data from Bulletin No. 


174, together with additional data from experiments conducted between August, 1920, and 
August, 1922.) 

At the time this work was first planned (1912) the genera! practice 
of fattening cattle during the winter months throughout the Northwest 
was on hay alone. Very few farms were equipped with stock scales, 
hence the feeders had but a very hazy idea of the gains actually made or 
the cost of gain. With a view to investigating this whole problem a 
series of tests was inaugurated at the Eastern Oregon Branch Experi- 
ment Station at Union, Oregon. 

The Union Station includes 620 acres of land in addition to rented 
range and pastures. Its location is typical of the higher, cooler valleys 
of the Blue Mountain and Rocky Mountain regions. The winters are 
cold and windy. The lots in which the tests were conducted were with- 
out shelter other than a six-foot board fence around one corner which 
served as a windbreak. The lots were 90 by 230 feet and accommodated 
25 steers to the lot for the first two years. Then they were divided into 
lots 45 by 115 feet and used to accommodate 10 to 12 steers each. Water 
from a small stream was diverted through the lots by means of a wooden 
trough. This trough carried a stream of water one foot wide and about 
eight inches deep, which flowed rapidly enough to give little difficulty 
from freezing except in extreme weather. 

The feeds used were all produced at the Station. The alfalfa hay was 
cured and stacked in the field as carefully as possible, but of course 
varied in quality from year to year. It was all fed, however, just as it 
came. In our judgment it was fairly representative of the class of hay 
generally used in the Northwest for steer-feeding purposes. The corn 
used for silage had been frosted and was usually put into the silo before 
it was quite mature. The mixture of peas and bald barley was in very 
good condition and made a very good quality of silage. As a whole, 
however, the quality of the silage was certainly not above average and 
perhaps a little below. The chopped hay was prepared by running the 
alfalfa through a cutter, which cut it from one-fourth to one inch in 
length. During the last two years the hay was hauled from the field in 
the fall, chopped, and blown into a barn. Previous to that the hay was 
chopped in the field. 

The cattle used were two-year-old steers varying in weight in dif- 
ferent years from 928 to 1100 pounds at the beginning of the tests. They 
were representative of the steers generally used in the Northwest for 
feeding purposes. They were not fancy but were fairly free from dairy 
or scrub blood. Each animal was branded with a serial number when 
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first placed in the feed yards and individual weights were taken of all 
the cattle at the beginning and end of each test. The lots were weighed 
also at the close of each thirty-day period. Much detail has been omitted 
in this bulletin, however, in order that the discussion might be reasonably 
brief and readable. The tables are nearly all averages of several tests. 
The omitted data, however, are all on file in the office of the Eastern 
Oregon Branch Experiment Station, and may be obtained on request. 


PART I: COMPARISON OF HAYS 


Our first year’s work was a comparison of the three different kinds 
of hay. Seventy-three head of two- and three-year-old grade Hereford 
steers, part native and part Utah cattle, were divided into three lots, 
twenty-five in each of the first two and twenty-three in the third. 


The alfalfa hay was of poor quality, and the bald barley hay was 
coarse and too well matured to make good cattle feed. The wild hay, 
however, was quite typical of the hay harvested from our native meadows 
in this section. 

Since there was some grain in the bald barley hay, eighteen pigs 
were allowed to follow the cattle in Lot. 2. These pigs averaged 80.5 
pounds at the time they were placed in the yard, January 4, 1914. At 
the close of the test, April 11, 1914, they averaged 94.4 pounds, showing 
an increase in weight of 13.9 pounds a head. 


TABLE I. ALFALFA HAY, BALD BARLEY, AND WILD HAY 


Lot 1, 25 steers fed alfalfa hay 
Lot 2, 25 steers fed bald barley hay 
Lot 3, 23 steers fed wild hay 


Feeding period—December 27, 1913 to April 11. 1914—105 days 


Lot Weight Weight Daily Daily 


No. at beginning at close gain ration 
lbs. lbs. lbs. lbs. 
1 968 1071 0.99 38.8 
2 10382 1060 0.27 36.4 
3 1066 LG 4 0.44 30.7 


From the results given in Table I, it will be noticed that the cattle 
in Lot 1 on alfalfa hay made a very satisfactory gain, while those in 
Lots 2 and 8 did not do so well. 


The steers in Lot 1 were given an average of 39 pounds of alfalfa 
hay a day and made an average daily gain of .99 pound. Those in Lot 2 
received 36 pounds of bald barley hay a day and made an average daily 
gain of .27 pound. The steers in Lot 3 were given 31 pounds of wild 
hay and made an average gain of .44 pound a day. 

While these cattle were in very good flesh at the close of the 
winter feeding period, yet they did not have enough finish to justify 
putting them on the market; hence the 73 head averaging 1076 pounds 
were turned out on good meadow pasture April 11, 1914. The results 
of the gains made while on pasture are given later in Part V, pp. 12-13. 

No further work was done with bald barley hay or wild hay, but 
during subsequent years several other lots were fed on alfalfa hay alone. 
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The results of all these tests with alfalfa hay alone, excluding those fed 
chopped hay, are shown in the following summary: 


Weight at beginning ........... ere Aya ere eae ee we OSS) ps: 
Weight at close _...... Sort Montiel oy Set eel AS 1155 Ibs. 
Daily lecainae ser ee SA Ape -97 Ib. 
Daily ration— 
ay atOMOhed wre eee Ae ed cece ae ee ek els 37 Ibs. 
Hay refused _.... ; = Pea : 5 Ibs. 
Have Conse Gamera eee st an FN 32 Ibs. 


The daily gain shown above is not as large as is claimed by many 
feeders, but it is a true average of our results for two-year-old steers. 
The calves and yearlings we have fed have done slightly better than 
this, and if they were averaged along with the two-year-olds the average 
would be 1.00 pound a day. Of course gains vary greatly. There are au- 
thenticated instances where steers on alfalfa alone have gained 2 pounds a 
day and other cases where good steers on good hay have made no gain. 


The information we have been able to gather from experienced 
feeders corresponds closely with the figures obtained at the Experiment 
Station, and we feel quite certain that the average gain on alfalfa-fed 
cattle one year with another and without counting any fill is just about 
one pound a day. 


PART II. COMPARISON OF HAY AND GRAIN 


Since we were looking for something better than alfalfa alone, and 
not something inferior, the next step was to try alfalfa alone against 
alfalfa with five pounds of barley a day and also alfalfa alone for the 
first sixty days with the addition of ten pounds of barley during the 
last sixty days. The test started with a car-load of steers in each lot. 
During the second and third years, however, each of these lots was 
divided and one half fed long hay and the other cut hay. The results 
of the work for three years are combined and summarized in Table II. 


TABLE Il. ALFALFA HAY AND GRAIN! 


A summary of three years’ work—1915, 1916, and 1917. The results include data 
for 217 head of cattle, fed 120 days. 

Lot 1, Alfalfa hay. 

Lot 2, Alfalfa hay and 5 pounds rolled barley. 

Lot 3, Alfalfa hay and 10 pounds rolled barley during last half of the feeding 
period. 


Daily ration SS 
Lot Weight Weight Daily Alf. hay Alf. hay Alf. hay Rolled 


No. at beginning at close gain Offered Refused Eaten barley 

Ibs. lbs. lbs. lbs. lbs. lbs. Ibs. 
1 1088 1200 0.92 36.28 - 3.99 82.51 aie 
2 1090 1239 1.24 32.72 3.77 28.95 4.80 
3 1091 1231 1.17 31.21 3.50 27.69 *8.72 


*For half of the time only. 


The steers on hay alone gained .92 pound; those on hay and 5 
pounds of barley gained 1.24 pounds; and those on hay with 10 pounds 
of barley during the last half of the feeding period gained 1.17 pounds 
a day. The difference in finish was hardly noticeable and none of the 
lots were in good marketing condition at the end of the 120 days’ feeding. 


The steers in Lot 3 made slightly less gain than those in Lot 2, but 
since there were a few steers in Lot 3 that were not very good feeders, 
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we believe that it really makes very little difference whether barley is fed 
at the rate of 5 pounds a day from the beginning or whether it is saved 
until the last half and then fed at the rate of 10 pounds a day. 


A study of the amount of feed required to produce 100 pounds of 
gain shows that one pound of rolled barley took the place of three pounds 
of alfalfa hay. The economy of feeding this small barley ration would 
therefore depend upon whether one pound of barley costs more or less 
than three pounds of alfalfa hay. 


PART III. COMPARISON OF CHOPPED HAY 
WITH LONG HAY 


In 1916 and again in 1917 chopped alfalfa was compared with long 
alfalfa in three ways: (1) Hay alone; (2) Hay with 5 pounds of rolled 
barley a day; (3) Hay with 10 pounds of barley during the last half of 
the feeding period. Since methods (2) and (8) gave results similar to 
those described in Part II, these lots are averaged together in our sum- 
maries. 

In 1918 and also in 1919 chopped hay was compared with long hay 
when fed in combination with silage instead of with rolled barley. The 
results of all these tests are summarized in Table III. 

TABLE II]. LONG ALFALFA AND CHOPPED ALFALFA HAY 


Lot 1, Long hay. 
Lot 2, Chopped hay. 


Averages of two years’ results 


Lot Weight at Weight Daily —— ———Daily ration- 


No. beginning at close gain Offered ‘ Refused Eaten 
A. When fed alone 
lbs. lbs. lbs. lbs. Ibs. lbs. 
1 1042 aS ii, 0.79 34.15 4.16 29.97 
2 1042 1179 1.15 34.50 1.31 33.20 
B. When fed with an average ration of 4.67 pounds of rolled barley 
1 1042 1192 Heo 30.48 4.02 26.46 
2 1042 1209 1.39 9.58 1.19 28.39 
C. When fed with silage (24.88 to Lot 1, and 21.92 to Lot 2) 
il 1026 1179 2.02 23.25 2.44 20.81 
2 1036 1191 2.07 23.93 0.99 22.95 


In case of the hay fed alone the improvement brought about by 
cutting was quite marked. The steers fed chopped hay made a daily gain 
of .36 pound more, ate 3.23 pounds more, and refused 2.85 pounds less 
hay than did those which were fed long hay. This difference in daily 
gain, however, is possibly a little greater than should be expected normal- 
ly, and was due probably to heavy snow drifting into one of the long hay 
lots. The steers in this particular lot made a daily gain of .66 pound, 
whereas the average gain made by all the lots on long hay was .97 pound. 
From these tests it would appear that the value of the hay fed alone 
was increased 43 percent by chopping, but if the long-hay lots had all 
made normal gains the improvement would have been only 18 percent. 
This we believe to be more nearly the correct figure. 

When fed with a small grain ration the steers on chopped hay con- 
sumed 1.93 pounds more, refused 2.83 pounds less, and gained .14 pound 
more than did those on long hay, an improvement of 14 percent. When 
fed silage the steers on cut hay made slightly greater gains on a little 
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less feed; but the difference was less marked than when fed cut hay 
alone or with grain, and the actual improvement amounted to only 7 
percent. The average improvement from chopping in these experiments 
would therefore be 13 percent. The Idaho Experiment Station in similar 
tests obtained better results with chopped hay when fed with grain or 
silage but poorer results when fed alone than those secured at the Union 
Station. The average of their tests with fattening steers showed an 
improvement in value of 21 percent, while with lambs, chopping, for some 
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reason, failed to effect any improvement whatever. The improvement 
due to chopping will naturally vary with the quality of the hay and the 
way in which it is handled. It is quite safe to say, however, that chop- 
ping will save waste, will make larger gains, and will require less feed 
per 100 pounds gain. The actual improvement will be probably between 
10 and 20 percent. 

So far we have discussed only the effect of chopping on the feeding 
value of the hay without considering the costs. The following statement 
shows the cost at the Experiment Station in 1919 of chopping 60.1 tons 


of hay. 


2 men and 2 teams 5 days @ $8.00 a day....... ....$80.00 
2 men 5 days @ $5.00 a day ..... Rema kn ED O00) 
1 man 14 days @ $5.00 a dey. of! Pee ON Sake eee 6.25 
Gasoliness0nrala@acic wee ee eee 10.20 
Distillate 60 gal. @ 22¢ ............ oe eee oe 13.20 
Gkdtinatse wrest czy! (0. SIG! 2 oe weences cto ceee nea ORBk) 
Machine oil 3 gal. @ 65c ...............5.. Bn ee eee 1.95 
Hardioilb) lbyecbeh an pall jen-c-eeescee .85 

Total cost ..... = Hess takt hese teeeee ; $165.75 

Cost per ton ..... ic ’ rm 2.75 


Power used, 15x27 Gas Tractor. 
Cutter used, 20 in. 
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In the above account no charge has been made for interest or depre- 
ciation on machinery. These figures should, of course, be included in the 
cost, but since our engine was bought for other purposes and the cutter 
used also for cutting silage, we have no accurate data on interest and 
depreciation. The expense items listed, however, are quite accurate. 
The machinery was in good order. The men were busy. With a larger 
machine the labor costs might be somewhat lessened; with smaller 
machinery or with machinery not in good running order the labor costs 
would be higher. ; 


Comparing these figures with the feeding results given above it will 
be seen that it is only under rare conditions that chopping will pay its 
cost. 


PART IV. ALFALFA HAY AND SILAGE 


While rations of alfalfa hay and a small amount of grain, as well 
as chopped alfalfa, gave somewhat larger gains than were obtained from 
the feeding of long alfalfa alone, yet the increased gains were not suffi- 
cient to make much difference in the final finish of the cattle, and further- 
more the cost of production was in most cases increased. We were 
looking for something that would give more finish and more rapid gains 
than we had been getting from the feeding of the above rations without 
going to the expense of feeding a full grain ration. This led us to try 
silage along with the alfalfa. Our first test was in the winter of 1916-17 
and included only one lot. The results were so good that we could 
scarcely believe the figures. We therefore continued the work on a 
more extensive scale. Five lots have been fed on hay and silage with 
‘the results shown in Table IV. 


TABLE IV. ALFALFA HAY AND SILAGE 


Lot 1, Alfalfa hay. 
Lot 2, Alfalfa hay and 28.7 lbs. silage. 


Lot Weight at Weight Daily —_—— 


Daily ration-——————- 

No. beginning at close gain Offered Refused Eaten 
lbs. lbs. lbs. lbs. lbs. lbs. 

1 1039 1158 1.02 35.6 3.9 31.7 
2 987 1151 1.67 22.8 2.8 20.0 


The results given in Lot 1 comprise an average of seven tests and 
include experimental data for 108 steers; those in Lot 2, ten tests and 
110 steers. Twenty-four cattle in Lot 1 and twenty-three in Lot 2 re- 
ceived chopped hay. All others received long hay. 


Table IV speaks for itself. The hay-and-silage cattle made 60 per- 
cent more gain than was made by the cattle fed hay alone. The cattle 
were all well filled before the tests began so there is no fill involved. 
The silage-fed cattle not only made larger gains as shown by the scale 
weights, but they took on a much better finish and looked better in every 
way. At the end of the tests, the cattle which had received a ration of 
hay and silage were in good killing condition and ready for market, 
while those on hay alone were not, and required a further finishing on 
pasture. (See Part V, pp. 12-13.) 


It will be noted that each pound of silage fed reduced the amount 
of hay fed approximately one-half pound. Lot 2 receiving 23.7 pounds 
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of silage received 13 pounds less hay. At $7.50 a ton for hay and $6.00 
a ton for silage the daily feed cost of Lot 1 was 13% cents and of Lot 2, 
15% cents. This would amount to $2.78 a head on a four months’ feed. 
In other words the cost per day is increased very little with hay and 
silage over hay alone, but the gains are 64 percent greater and of course 
correspondingly cheaper. The real financial meaning of this is shown by 
the fact that a 1000-pound steer costing 7 cents, fed for 120 days on hay 
alone and sold for 8 cents would return $7.63 a ton for the hay after 
paying all expenses including interest and labor. Under similar condi- 
tions a steer fed hay and silage would return $8.73 a ton for the hay, 
$6.58 for the silage. In reality, howeve1, the silage-fed steer would be 
a better steer than the hay-fed steer, and if the former brought 8 cents 
the latter would at least bring a quarter more, in which case he would 
return $9.44 a ton for the hay and $7.57 for the silage above all expenses. 

It is often assumed that cattle fed on silage will not dress out well 
and that they shrink badly going to market. We have conducted but 
one experiment planned to throw any light on this question. The results 
were as follows: 


TABLE V. SELLING PRICES OF SILAGE-FED AND HAY-FED CATTLE 


Method of Shrink Union Dressing Selling 

feeding to Portland percentage price 

lbs. % 

Dik SRR ch NSN NGS Waar odes ees ae le fe on eee Savas ue Sannin terse 44.0 55.1 $7.86 
Hay and light feed of silage ........... tees A 24.4 57.0 7.85 
Hay and full feed of silage <.............0....3... oA 28.3 57.0 8.12 
Hay and silage for 120 days and 

haysand Darley, for last) 30) daysiccccrescocenceatess s-steee 33.5 iy url 8.44 
Hay and silage for 75 days and 

Nay and warleyy tor last. Vb Gays: cps... cccssctesser- cane 34.3 59:9 8.40 
Hay and silage together with 5 pounds 

of barley for entire 150 days 2:.-....ccc<--cscc-ssc--escee- 32.5 60.6 8.65 


From this test it will be seen that the silage-fed cattle were fatter 
and dressed out better than those fed hay alone. Those having had 
grain were still fatter and gave a better dressing percentage. The more 
grain they had the better they were, of course. The cattle were sold to 
Swift and Company, and each lot was appraised without knowledge of 
how they had been fed. 

The shrinkage en route to Portland seemed to follow no regular rule, 
but the silage lots certainly showed up well. The shrinkage for all lots 
was lower than what we usually expect on such shipments. 

Further tests along these lines will be necessary, but we can be 
sure that silage makes fatter cattle than hay alone and that the cattle 
dress out better. We cannot, of course, expect cattle fed only silage and 
hay to be as fat as cattle receiving a grain ration, but they can be made 
good enough for the Western markets. The question of economy and 
profit of using grain to finish steers fattened largely on silage and hay 
seems to depend on the relative prices of hay, silage, and grain, and 
there was nothing in this test to disprove the conclusions of Part II; that 
is, that one pound of rolled barley is worth three pounds of alfalfa for 
fattening steers. 

The amount of silage fed varied in different lots from 10 to 34 
pounds a day. There is so far no conclusive evidence that the rate of 
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gain is affected by the amount of silage fed providing it is within these 
limits. When the silage portion of the ration is decreased, the cattle, of 
course, consume more hay. Our results with the lighter feed of silage 
so far, have been rather less satisfactory than where the larger amounts 
were fed, but the Idaho station obtained tha opposite result so we will 
have to withhold conclusions until we make further tests. 


It has been our practice to feed the silage in bunks the same as 
grain. The silage was weighed and fed in quantities that the eattle 
would clean up without waste. In every case, however, they were given 
all the alfalfa hay they would eat even at the expense of a little waste. 

In general, we believe that cattle fatten so much better on hay and 
silage than on hay alone that it will be but a short time until the greater 
portion of the cattle fattened in the Northwest during the winter months 
are fed on hay and silage and that the man who attempts to fatten cattle 
on hay alone is working against an impossible handicap. 

Some may say that the ranchman cannot make as good gains as 
the Experiment Station, but this is not the case. The cattle used in 
these tests were average feeders such as can be bought anywhere; in 
fact, on two different years feeders were hard to buy and we had to 
use some inferior cattle that did not make satisfactory gains. Our feed 
lots are cold and badly exposed. Our hay was average, but the silage 
on account of frost was rather below average. It is our judgment, 
therefore, that in general the farmers will obtain rather better results 
than those shown in this bulletin. Not many cattle have been fattened 
on hay and silage in Oregon; but there are a good many fed in this way 
in Idaho and Colorado, and the feeders in those states are getting slightly 
better results than those quoted, usually around 1% pounds on hay and 
silage and 1 to 14% pounds on hay alone. 

It must be borne in' mind, however, that the figures given here are 
for fattening two-year-old steers. The use of silage for wintering stock 
cattle has been made the subject of other tests, and it may be stated 
that thus far silage for stock cattle has not given such phenomenal re- 
sults as are*shown for fattening purposes; nevertheless it has proved 
to be a very satisfactory feed. 


PART V. FINISHING ON PASTURE 


In our discussion of fattening steers we have stated that with the 
exception of) those fattened on hay and silage the steers were not really 
in marketable condition at the end of the tests. At the close of the 
winter feeding period, in order to give them more finish, the steers 
were turned out on alfalfa and blue-grass pasture. This pasture con- 
sisted of a rather uneven and spotted piece of meadow land, the better 
portion of which had at one time been seeded to alfalfa but had largely 
gone to blue-grass and other grasses. For three seasons this piece of 
meadow pasture was used to finish the cattle, which had been on feed 
during the preceding winters at the Station. : 

In 1914 all of the seventy-three steers that had been fed on various 
hay rations the preceding winter were turned out on grass April 11. 
In 1915 all of the seventy-five head that had been fed on hay alone, and 
on hay and small barley rations, were turned out April 18. In 1916 the 


13 


best twenty-four head were shipped to Portland at the close of the 
winter feeding period, and the remaining forty-eight head were turned 
out April 25. Some of the steers had received hay alone during the 
winter, while some had received an average of not over five pounds of 
barley in addition to their hay. 


The cattle each year were in a half-fat condition, with not sufficient 
finish to sell satisfactorily, yet too good and too large to turn out on 
the range. The first two years the cattle were on pasture nearly four 
months, but the third year the cattle were sold at the end of the third 
month. 


TABLE VI. GAINS ON PASTURE 
(Three-year average) 


Daily 


Number Weight at Weight at Monthly 


Month of steers beginning close gain gain 

Ibs. lbs. lbs. Ibs. 
LKCERSIUR |p eeee eae See eee ee 196 1184 1215 31 1.00 
CONC etrstrcovcreseceestce: 196 1215 1288 163 2.39 
TU SVYe| dame eek ae Rea ee : 196 1288 1359 71 2.31 
Rourtht 9... 5 Bs 148 1364 1379 15 0.70 


The first month that the cattle were on pasture their average gain 
was one pound a day. The pasture was extra good and the cattle were 
not turned out until late in the season, but steers do not do so well when 
first turned on grass. The second and third months the gains were 
very good; the cattle put on a great deal of weight and finish. The 
fourth month was unsatisfactory, the pastures being dry and the weather 
hot. Due to the low gains made the fourth month during the first two 
years, the cattle were sold the third year before the pasture failed. 
Since the cattle were already in good marketable condition, however, and 
there was no advantage in holding them longer even if the pastures had 
been good, this failure of the pasture was not a drawback of any import- 
ance. The first year the steers sold in Portland for an average of 
40 cents per 100 pounds over the quoted top. The second year we were 
offered the top price in Portland, but shipped the steers to Kansas City, 
where we sold them for $8.80, the top quotation for Western cattle on 
the day of sale. The third year they brought the quoted top in Seattle. 
Since these cattle were average Eastern Oregon feeder steers and not 
fancy in any way, it will be apparent that the finish obtained was very 
satisfactory. 

This pasture was considered to have a value at this time of $1.00 
a head a month, but this is an estimated value only. Due to a lack of 
uniform conditions and the spotted nature of the land, no figures that 
would be of any general application can be given as to its value or 
carrying capacity per acre. The quality of the pasture, however, may 
be considered as about the same as average blue-grass and mixed pas- 
ture throughout the Northwest. The use of such pasture for finishing 
steers for the midsummer market proved, on the whole, satisfactory and 
economical. 
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PART VI. FINANCIAL DISCUSSION 


“Is there any money in feeding steers, and if so, how much?” This 
is a question which cannot be answered definitely, due to the fact that 
the answer is different for every farmer and for every season. We can 
give data, however, which will enable the feeder to estimate as accurate- 
ly as is possible his probable profits or losses when feeding cattle under 
normal conditions. The exact profits or losses of the Experiment Station 
or of any feeder for any one particular feeding period form no criterion 
of what may be expected from feeding cattle year after year; conditions 
are rarely the same two years in succession. The information which is 
most useful and important to the feeder, therefore, is that which per- 
tains to the amount of the various feeds required to fatten a steer, and 
the gains the steer will make under normal conditions. With this in- 
formation at hand, knowing his feed cost, and with a reasonable knowl- 
edge of the market, the feeder is able to estimate with a fair degree of 
accuracy what he can do feeding cattle under his own conditions. 


Hay Alone. In determining the cost of feeding steers on alfalfa hay 
alone, the following data, which are averages of five years’ work, may 
be used as a basis for calculation. 


Nia tiga avetea bel el he foe et Pend Sug PRS oe geen PEN She nea eater 1000 lbs. 
Wits, tert \CLOSe | 60. i oss ere as A eee arenes dee See resem 1116 lbs. 
Gain’ 52:5 sass OTeIb.. per day; or). 116 1bs.1in: 120 days 
Hay offered ........... 37 lbs. per day, or 4440 lbs. in 120 days 
Hay refused __... 3 5 lbs. per day, or 600 lbs. in 120 days 
Hay consumed .......... 32 Ibs. per day, or 3840 Ibs. in 120 days 


Table VII gives these figures in usable form. 


TABLE VII: FATTENING ON HAY ALONE 


Price per 100 pounds at which the finished steer must be 
sold in order to pay for feed, interest, and labor 


If feeder steers If feeder steers If feeder steers 
cost 5c a pound cost 7c a pound cost 9¢ a pound 
With alfalfa at $ 5.00 $5.92 $7.76 $9.60 
With alfalfa at $ 7.50 6.41 8.25 10.09 
With alfalfa at $10.00 6.91 8.75 10.59 
With alfalfa at $12.50 7.41 ead) 11.09 
With alfalfa at $15.00 7.91 9.75 11.59 


The costs given in this table include feed, interest on the cattle at 
8 percent, and labor at the rate of $0.03 a steer per day. The labor cost 
is derived by allowing $4.50 a day for a man and team to feed one 
hundred fifty head of cattle. It will be noted that the figures given are 
not for the cost of the gain put on during the feeding period, but rep- 
resent the final cost of the finished steer, or in other words, the price at 
which the steer must be sold in order to break even. For instance, a 
1000-pound steer bought for $7.00 in the fall and fed 120 days on alfalfa 
at $10.00 a ton, must be sold for $8.75 in order just to cover the cost of 
hay, interest, and labor. Anything above $8.75 that he may bring will 
be clear profit. These prices are farm prices, and where the cattle are 
either bought or sold at other market points allowance must be made 
for transportation charges and shrinkage. 
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No allowance is made for the 600 pounds of refused hay, which, 
however, has a value for wintering stock cattle about half that of good 
hay. 

The value of manure is also not included in this statement. Manure 
will usually amount to about three tons a steer. 

These two items, namely, refused hay from the feed bunks and the 
manure, should be valued by the feeder according to his own local con- 
ditions. 

The stockman who can and does make good use of the refused hay 
and manure has an advantage of several dollars a steer over the man 
who is unable to make use of these otherwise waste products. 


Hay and Silage. As has already been shown, steers fed on hay and 
silage made 64 percent more gain than those fed on hay alone. The 
gains, too, are not only much greater but are more economical as well. 

Market prices for silage are not well established, and the cost of 
production is exceedingly variable. 

At this Station, where conditions are exceptionally favorable to grow- 
ing cheap alfalfa while frost makes silage more expensive, the cost of one 
ton of silage is almost as much as the cost of one ton of hay; while on 
the other hand farm management surveys in Malheur county only show 
one ton of silage costing 40 percent as much as one ton of alfalfa. In this 
discussion we have rated the silage at 80 percent of the cost of one ton 
of alfalfa, but this is a purely arbitrary figure. 

In caleulating the cost of fattening steers on hay and silage the 
following data may be used as a basis. 


Wt. at beginning _. ; - 1000 Ibs. 
BV bie St CLOBE: ©. cos-. Roeeraaecceeese Sete Piece en re ea A med 1200 lbs. 
Gainee : 1.67 lbs. per day, or 200 Ibs. in 120 days 
Hay offered ..............22.8 Ibs. per day, or 2736 lbs. in 120 days 
Hay refused .............. 2.8 lbs. per day, or 336 lbs. in 120 days 
Hay consumed . ...20 Ibs. per day, or 2400 lbs. in 120 days 
Sra Cee ee .....23.7 Ibs. per day, or 2840 lbs. in 120 days 


Table VIII further illustrates the importance of this ration of hay 
and silage in connection with the actual cost of fattening two-year-old 


steers. 


TABLE VIII. FATTENING ON HAY AND SILAGE 


Price per 100 pounds at which the finished steer 
must be sold in order to pay for 
feed, interest, and labor 


If feeder steers If feeder steers If feeder steers 
cost 5eapound cost 7c apound cost 9c a pound 


With alfalfa @ $5.00 and silage @ $4.00..........$5.62 $7.35 $9.04 
With alfalfa @ $7.50 and silage @ $6.00.......... 6.14 7.85 9.57 
With alfalfa @ $10.00 and silage @ $8.00........ 6.66 8.38 10.09 
With alfalfa @ $12.50 and silage @ $10.00...... TELS 8.90 10.61 
With alfalfa @ $15.00 and silage @ $12.00...... 7.71 9.42 11.14 


The figures in Table VIII represent the actual costs in the feed 
yards and do not include any marketing expense. The cattle were 
weighed on a fill both at the beginning and at the close of the test. By 
comparing Table VIII with Table VII it will be observed that the final 
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cost of silage-fed steers ranges from $0.20 to $0.56 per hundred less than 
the final cost of steers fed hay alone. 

Many feeders measure their financial returns in terms of the price 
received for the feed. The following table, therefore, gives the probable 
returns for the feed under various conditions. 


TABLE [X. NET PRICE RECEIVED FOR FEED IN THE STACK OR SILO 


Hay fed ——Hay and silage*—— 


alone Hay Silage 
If steers cost 5c and sell for $ 6.85 $ 5.48 
If steers cost 5¢ and sell for 11.65 9.32 
If steers cost 7c and sell for 8.23 6.58 
If steers cost 7c and sell for 13.03 10.44 


*In determining the relative prices received for the hay and silage the total re- 
ceived for the feed is divided on the basis of the silage being worth 80 percent as much 
per ton as the hay. 

Since the gains made during the winter feeding period in all cases 
cost more than the market price of beef, it is therefore necessary to sell 
the finished steer at a higher price per hundred than he cost as a feeder. 
In other words, there must be a suitable margin between the cost and 
selling price in order to break even. We expect this higher price be- 
cause the finished steer dresses out a larger percentage and the meat 
is of higher quality. The increase in price per hundred, or “margin,” 
which we will actually get depends upon two factors: the finish of the 
steer and the fluctuations of the market. If the steer has gained slowly 
he may be no fatter than he was at the start, although heavier. On the 
other hand, if he has gained rapidly he will be much fatter and will de- 
mand a higher price. We usually expect a good steer that has gained 
two pounds a day for 120 days to be worth $1.00 to $1.50 per hundred 
more than he was worth in feeder condition, providing, of course, that 
the market has remained unchanged. A steer that has gained only one 
pound a day for 120 days will not be very fat and would probably bring 
only $0.50 to $0.75 more per hundred than he did as a feeder. This 
margin is usually greater when cattle prices are high than when prices 
are low. 


The market seldom remains steady for any length of time but is 
constantly fluctuating. There is a common belief that fat cattle are 
much higher at the end of the winter than at the beginning, but this 
is often exaggerated. Through a long series of years there is little 
difference at Chicago between prices in November and December and 
prices in March and April. The Portland market on the average 
strengthens a little in the late winter, but there are many exceptions. 
There are years when even the best feeders lose money, and then again 
there are years when even the poorest feeders make some profit. In the 


long run, the ups and downs of the market very largely counterbalance 
each other. 


The steer that has gained from 175 to 225 pounds during the winter 
feeding period and sells for $1.00 to $1.50 per hundred more than his cost 
price, should in general make the feeder some profit. When the costs 
of feed are such that the finished steer cannot be profitably sold for 


this margin, about the only chance for profit lies in a rise in the market, 
which is of course uncertain. 
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The fattening of steers is a good method of marketing hay and 
silage. The feeder should buy his cattle carefully, however, feed care- 
fully, and utilize the waste hay and manure. 

The dealer and trader often finds it profitable to maintain a feed 
yard in which he may place any thin cattle which can be bought cheap 
and from which he can take fat cattle whenever prices are right. Such 
a feed yard may show a handsome profit through the buying and selling 
ends, even! though the actual gains put on may cost all they are worth. 

Feeding cattle on a speculative basis where both feed and cattle 
are bought and fed under conditions such that neither the refused hay 
nor the manure can be utilized may show a profit during favorable 
seasons, but often shows a loss. 

It is neither necessary nor desirable that the Northwest should 
winter-fatten more steers, but it is very important that the steers now 
being fed return greater profit. This can fortunately be obtained by 
the use of home-grown silage. The results tabulated in this bulletin 
conclusively show that by the use of silage along with alfalfa hay, very 
much larger and cheaper gains can be made than were possible under 
the old methods, and that the profits can be correspondingly increased. 


PART VII. HINTS ON MANAGEMENT OF 
FATTENING STEERS 


Buying Steers. In order to avoid excessive shipping charges steers 
should be bought as near the feed yard as possible; they commonly cost 
about as much, in one place as another. While we do not buy fat cattle 
for feeding purposes, yet we want them in good flesh; the thinner they 
are, the longer it takes to finish them and the less we can afford to pay 
for them. A steer to be finished during 120 days of winter feeding shouid 
weigh about a thousand pounds at the beginning. The younger he is 
the better, providing he is up to weight. Dairy-bred stuff, high flanked, 
or rough unthrifty individuals should be avoided. If it is necessary to 
take such eattle with a bunch, they had better be sold to the local butcher 
at once for whatever they will bring, rather than keep them longer and 
invest good feed in them. Breed is immaterial so long as it is a beef 
breed. 

Since we expect fat cattle to be worth more than feeders, it is of 
course necessary to buy feeders at around $1.00 per 100 pounds less 
than the current price of good beef. Many of the losses made’ in cattle 
feeding have been the result of paying fat-cattle prices for feeders. 


Fall Pasture. There is often good pasture around the field and 
meadows in the fall that will produce good gains at much less cost than 
can be obtained in the feed yards. Fattening steers will cease to gain, 
however, long before the feed is entirely gone, and if the fields are to 
be well cleaned, the steers must be taken off before the feed gets short, 
stock cattle being turned in to clean up the remainder. If no stock 
cattle are available, it is better to waste some feed than to force the 
steers to eat it all, for they will shrink considerably in doing so. 


Feeding Hay. Hay should be fed at least three times a day. Feed 
consumption is encouraged by frequent offerings of fresh hay. The 
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refused hay should be cleaned out once a day, preferably while the 
steers are eating their silage. A large hay consumption is essential 
from the beginning and the hay must therefore be of good quality and 
carefully fed. 


Feeding Silage. Silage is fed in bunks the same as grain. The 
cattle are fed at the rate of about 10 pounds a head the first day. Within 
two or three days this amount can be increased to 20 or 30 pounds as 
desired. There is very little danger of cattle going off feed on silage. 
A ration of 15 pounds may be fed all in one feed but with larger amounts 
it should be fed in two feeds, morning and evening. 


Water and Shelter. Steers must have plenty of clean water where 
they can walk up and drink their fill at any time they wish without 
slipping on ice or wading in deep mud. Tank heaters to prevent ice are 
recommended. The feed yards should be well drained and sheltered as 
much as possible. The use of barns and also of warm water in connection 
with winter feeding have not so far proved profitable. (See Bulletin 
183.) 


Quiet and Regularity. Fattening steers must be handled as quietly 
and gently as possible, and any excitement which makes them leave their 
feed even for only a minute must be carefully avoided. An exact schedule 
should be worked out and carefully adhered to. Cattle appreciate having 
their meals on time as much as human beings. The feed yards should 
be provided with plenty of bedding and conditions in general should be 
made as comfortable as possible. 


Season for Feeding. Winter feeding should begin early in the fall 
before the pasture begins to fail. The feeding should end when the 
cattle are fat, which is usually in from three to five months, depending 
largely upon the ration fed and the condition of the cattle at the begin- 
ning. Feeding should end, however, before spring weather comes, when 
cattle are inclined to become restless and consequently do not gain well. 
Cattle that have been on heavy feed during the winter should not be 
turned out on grass unless the pasture is extra good and even then not 
unless they are to stay there for at least two months. During the first 
month on spring pasture cattle do not make satisfactory gains, especially 
if already in fairly good condition. 
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USE MORE OATS-AND-VETCH FOR SILAGE 
IN WESTERN OREGON 


Oats-and-vetch, on the heavier, poorly drained soils, 
yields more tonnage than corn or sunflowers. 


Oats-and-vetch silage produced slightly more milk than 
either corn or sunflowers in tests at the Oregon Experi- 
ment Station. 


Oats-and-vetch fills the silo in early summer and keeps 
it from drying out and falling down. 


Oats-and-vetch, placed in the silo in the spring and 
used out during the summer, allows double use of the silo, 
as it can be filled again in the fall with corn or sunflowers. 


Oats-and-vetch is planted in the fall when other farm 
work is not so driving as in the spring. 


Oats-and-vetch requires no cultivation after sowing. 


Vetch is a legume and consequently a soil builder. 


Oats and Vetch Versus Corn or Sun- 
flowers for Silage 


By 
ROY C. JONES 


Since the first silo was built and filled, many different crops, from 
maize to Russian thistles, have been ensiled with varying degrees of 
success. The common crops used in Western Oregon are corn, oats-and- 
vetch, and sunflowers. Many questions about the suitability of these 
crops for silage are constantly being received by this Experiment Sta- 
tion. The following are representative of the questions received. Which 
crop yields the most? Which produces the most milk? Does a silo full 
of oats-and-vetch weigh the same as a silo full of corn? Do the different 
kinds of silage have any effect on the flavor or quality of the butter-fat? 

In order to have definite knowledge with which to answer these 
questions, this Station has conducted trials during the past three years 
involving thirty-six cows, or rather thirty-two different animals, as four 
of the animals were used two years in succession. The detailed plans and 
results are shown in the latter part of this bulletin. 


RECOMMENDATIONS AND SUMMARY 


Our recommendation for the practical application of these results is 
as follows: Grow more oats-and-vetch for silage. 


Yields 


On the dairy farms of Western Oregon, having heavy, rather poorly 
drained soil, oats- or barley-and-vetch should be grown much more ex- 
tensively for silage purposes. It outyields corn about two to one. It 
nearly equals sunflowers in yield and far excels them in palatability. The 
average yields for the five years from 1918 to 1922 were: sunflowers 
13.8 tons per acre, oats-and-vetch 9.6 tons, and corn 5.4 tons. The best 
yield of oats-and-vetch was 16.6 tons per acre, or more than any of the 
others. The Farm Crops department of the Station reports an average 
yield of oats-and-vetch from 1914 to 1921, on similar land, of 12.7 tons 


per acre. 
Milk Produced 


The oats-and-vetch silage produced a trifle more milk than the other 
kinds, the increase being about five percent. At the same time the cows 
gained .5 pound per day while getting the oats-and-vetch against .38 pound 
on corn and a bare maintenance of weight on the sunflowers. 


Palatability 


No difference could be noted between the oats-and-vetch and corn 
silage in the relish. with which the cattle ate it. The sunflower silage, 
however, was so distasteful to most of the cows that they had to be 
partly starved before they would eat it and even then they did not 
relish it as much as the other silage. The Farm Crops department says 
that this can be overcome by the addition of 20 percent corn to the 
sunflowers when they are ensiled. 
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Grow Two Silage Crops 


These facts do not necessarily mean that corn or sunflowers should 
not be grown as well as a crop of oats-and-vetch. There is quite an 
advantage in having a cultivated crop in the rotation. There is also 
an advantage in having a. crop to put into the silo in the fall as well 
as in the spring. This gives one double use of the silo and enables one 
to get along with a smaller tonnage capacity. 


Varieties to Grow 


Common vetch and gray winter oats are the varieties which were 
used in the trials. These are the ones recommended by the Farm Crops 
department of the Station. The Farm Crops department also states 
that, for the Coast sections, purple vetch shows a little more promise 
than the common vetch, being easier to start and making an excellent 
growth. On the very heavy lands of the Willamette Valley, Hungarian 
wetch shows a great deal of promise. Winter barley can also be used 
with vetch for silage and produces good results. 

Minnesota No. 13 was the variety of corn used, and Mammoth Rus- 
sian was the variety of sunflowers. 


Rate and Time of Seeding 


Professor Hyslop states that the best results are obtained by using 
60 to 80 pounds of vetch with 40 pounds of Gray winter oats per acre. 
The best time for sowing is usually from October 1 to 15. Well culti- 
vated corn land can be made ready for vetch by simply disking and 
harrowing it. 
Harvesting 


Oats-and-vetch should be harvested for silage when the oats are in 
the light dough stage and the seeds are formed in the lower pods on 
the vetch. This is about the time it is usually cut for hay; it contains 
about 75 percent water at that time. If it is a little too mature, enough 
water should be added at the silo so that it will pack down well. 


SILAGE INVESTIGATIONS 
YIELDS 


The Dairy Husbandry department grows annually about 20 acres 
each of corn and oats-and-vetch and for the past four years has grown 
from two to three acres of sunflowers. The yields shown in Table I are 
these actual farm yields and not small plot yields. 


TABLE I. YIELDS IN TONS PER ACRE 


Oats-and-vetch Sunflowers Corn 
1918 23055 °° ane oe 4.6 
1919 16.63 13.23 4.9 
1920 16.00 15.00 5.5 
1921 8.28* 15.00 5.0 
1922 4.127 10.00 7.2 
Average 9.57 13.31 5.44 


*A very severe infestation of aphis completely killed the vetch im 1918. In 1921 
the early-sown vetch in two fields was badly damaged by a similar infestation, while one 
field, sown late after the removal of corn crop, was not damaged. 

jHeavy frosts in February heaved the ground enough to kill most of the vetch. 
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The Farm Crops department reports an average yield of 12.7 tons 
of oats-and-vetch per acre for the years from 1914 to 1921. Corn yields 
check with ours quite closely. The Farm Crops department has not 
enough data on sunflowers to compare. 

Over a period of five years, then, the sunflowers show the highest 
yield although in its good years the oats-and-vetch outyielded the sun- 
flowers. The soil on which these crops were grown was rather poorly 
drained and very sticky, some of it classifying as white land and the 
rest very close to it. 


WHICH PRODUCES THE MOST MILK? 


The next question that naturally arises is, what are the comparative 
feeding values? In order to answer this question feeding trials have 
been conducted for the last three seasons, beginning 1919-20. 


Trial 1, 1919-20 


Plan. In the first year’s trial the cows were not as carefully divided 
as in subsequent trials, so as to have the two groups uniform. The 
alternating method of feeding was used, however, so that the summary 
should not be seriously affected by this fact. The milk yield shown in 
Table II is that given in the first ten days in December. The trial started 
December 26. 


TABLE II. DATA REGARDING COWS USED 


Lot A Lot B — 
Herd 10-day Herd 10-day 
No. Breed Fresh milk yield No. Breed Fresh milk yield 
lbs. Ibs. 


404 Ayrshire Aug. 4, 1919 241.0 421 Ayrshire Sept. 17, 1919 234.6 
407 Ayrshire Aug. 238, 1919 330.3 424 Ayrshire April 29, 1919 127.8 
405 Ayrsnire Jane ak, L91e 79.0 216 Holstein Jan. 30, 1919 136.4 
408 Ayrshire Aji, Bis, RIG) 270.7 pal) Holstein Jan. 28, 1919 245.6 
414 Ayrshire June 19, 1919 211.1 602 Guernsey Mar. 24, A919 135.0 
418 Ayrshire July 21 1919) 139.6 19 Jersey April 14, 1919 163.9 


Total parler Total 1063.3 


The 12 cows selected as above were fed a basal ration consisting of 
ten pounds of clover hay, one pound of grain to every three pounds of 
milk produced per day, and all the silage they would consume. The 
grain mixture consisted of 200 pounds mill-run, 100 pounds dried beet 
pulp, 25 pounds cocoanut meal, and 15 pounds linseed oil meal. A pre- 
liminary period of 10 days was allowed on each feed in order to fill the 
animals on the feed in question, then feeding was continued for 30 more 
days and weights recorded and used in results. Periods 1, 5, and 9 were 
preliminary or transition periods. 


Results. The milk and fat produced and feed consumed are shown in 
Tables III and IV for the two lots and summarized in Tables V and VI. 
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TABLE III. PRODUCTION AND FEED CONSUMPTION FOR LOT A, 1919-20 


10-day 


Oats-and-vetch Sunflower Corn 
periods Milk Fat Hay Grain silage silage silage 
lbs. lbs. lbs. lbs. lbs. lbs. lbs 
Z 1109.3 43.93 600 422.0 75025700 te eres eee 
3 1117.6 44,26 600 396.8 2052.5 
4 1100.0 43.56 596 380.0 1991.5 
Total 3326.9 131.75 1796 1198.8 BT94:5 Seno see 
6 973.4 36.2 580 335 1402 = 
7 955.4 35.54 580 335 1296 
8 924.6 84.40 580 403 1292) ae 
Total 2853.4 106.15 1740 1073 ees 3990 |) Bees. 
10 933.9 31.65 580 409 1333 
11 893.4 30.29 586 405 1698 
12 842.4 28.51 600 AOS i ©) Gaeeee co ees 1881 
Total 2669.7 90.45 1766 L210) 29 Sets oe ieee ees 4912 
TABLE IV. PRODUCTION AND FEED CONSUMPTION FOR LOT B, 1919-20 
10-day Oats-and-vetch Sunflower Corn 
periods Milk Fat Hay Grain silage silage silage 
lbs. lbs. lbs. lbs. lbs. lbs. ee 
2 896.9 33.63 600 350 1682:5:5 4 ..2352) (ee 
3 930.0 34.88 598 314 2167.6 i eee 
4 928.6 34.82 582 290 ZIG6:0) . as Sy ee 
Total 2755.5 103.33 1780 954 C006.0~ 9 sac” eee 
6 930.8 37.41 580 Ty ae a &y 1900 
7 948.9 38.15 580 \ 280 Mase ere 1900 
8 942.1 37.87 580 ZOO se Py a ee ee 18388 
Total 2821.8 113.43 1740 SIO eT eee, Pree 5638 
10 844.7 35.48 562 207 L796 eee 
Val 833.2 34.99 572 275 LG55 9 reset 
12 TT4.1 32.51 600 275 1645 
Total 2452.0 102.98 1734 Sor Se ee: 5095.7 ees 
TABLE V. SUMMARY LOTS A AND B, 1919-20 
Milk Fat Hay Grain Silage 
lbs. lbs. lbs. ike lbs. 
2006.2 77.59 1200 772.0 3433.0 
Oats-and-vetch 2047.6 79.14 1198 710.8 4210.0 
2028.6 78.38 1178 670.0 4157.5 
Total 6082.4 235.11 3576 2152.8 11790.5 
1864.7 69.06 1160 699 3233 
Corn 1842.3 68.44 1166 695 3598 
1784.5 66.38 1180 695 3719 
Total 5491.5 203.88 3506 2089 10550 
1818.1 71.69 1142 612 3197 
Sunflower 1788.6 70.53 1152 610 2951 
1698.7 66.91 1180 678 2937 
Total 5305.4 209.13 3474 1900 9085 
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TABLE VI. SUMMARY LOTS A AND B, 1919-20, FEED CONSUMED 
PER UNIT OF PRODUCT 


—Per 100 pounds milk —Per pound fat— 
Clover hay Grain Silage Clover hay Grain Silage 
lbs. lbs. lbs. lbs. lbs. lbs. 
Oats-and-vetch 58.8 35.4 193.8 15.2 9.15 50.1 
Corn 63.8 38.0 192.8 17.2 10.20 51.7 
Sunflowers 65.5 35.8 171.2 16.6 9.10 43.4 


These tables show that in actual yield of milk the oats-and-vetch 
silage ranks first, corn second, and sunflowers third. 

Considerable difficulty was experienced in getting the cows to con- 
sume the sunflower silage readily. It did not seem to be as palatable as 
the other kinds. Some cows seemed to take a greater dislike to it than 
others. They did not consume enough of the sunflower silage to main- 
tain their body weight, the 12 cows losing 186 pounds during the 30 days. 
On oats-and-vetch they gained 345 pounds and on corn 191 pounds. 


Trial 2, 1920-21 


Plan. A second test was started in February, 1921. More care was 
taken to equalize the two groups of cows as regards breed, freshening 
date, and milk yield, as will be seen from Table VII. 


TABLE VII. DATA REGARDING COWS USED, 1920-21 


Group A 

Cow Breed Fresh Milk in Jan. 1921 
lbs. 
22 Jersey Nov. 21, 1920 785.6 
212 Holstein Oct. 29; 1920 1893.9 
221 Holstein Nov. 3, 1920 679.2 
415 Ayrshire Nov. 8, 1920 928.1 
421 Ayrshire Oet., 29; 1920 2G 

425 Ayrshire Jan. 5, 1921 880.0 (est.) 
6301.0 

Group B 

lbs. 
612 Guernsey Nov. 15, 1920 712.9 
213 Holstein Dec. 5, 1920 1417.4 
222 Holstein Nov. 30, 1920 1143.2 
423 Ayrshire Oct. 10, 1920 888.5 
426 Ayrshire Oct. 138, 1920 1228.0 
431 Ayrshire Nov. 16, 1920 927.7 
6317.7 

436* Ayrshire rJan. 16, 1921 806.0 (est.) 


*Substituted for 431 on account of sickness. 


Grain was fed as in the previous trial, but alfalfa hay was fed in 
place of the clover, which was not available. The hay was fed at the 
rate of 1 pound for each 100 pounds of weight in the cow. Silage was 
fed at 3 pounds per 100 pounds of body weight. 

The A group was started on oats-and-vetch silage, while the B group 
received sunflower silage. 


Results. The same lack of palatability of the sunflower silage ap- 
peared as.in the previous year; in fact, cow 431 went completely off feed 
during her preliminary period, and 436 was added to the group, making 
7 cows in Group B. Subsequent experience with 431 has shown her to be 
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extremely fastidious in her appetite even when sunflowers are not con- 
cerned, so we have eliminated her from the tables in this trial. 

Tables VIII, IX, X, and XI show the results of this trial using six 
animals in each group and eliminating cow 431. 


TABLE VIII. LOT A, 1920-21 


10-day Oat-and-vetch Sunflower Corn 
periods Milk Fat Hay Grain silage silage silage 
lbs. Ibs. lbs. lbs. lbs. lbs. Ibs. 
2 1834.7 PALES 650 565 1890, ESS ees 
3 1756.5 71.14 650 565 T89L °c cee 
4 1733.3 70.20 ~ 650 565 1900; 2a eee 
Total 5324.5 215.65 1950 1695 SOS) & pa i eee 
6 1714.6 66.36 650 Sh) ee cganees 1900.0 
Kf 1680.6 65.04 650 56D eee eer 1891.5 
8 1609.6 62.29 643 565 a ee 1838.0 
Total 5004.8 193.69 1943 L695" 5 en ee 5629.5 
10 1535.5 61.42 650 B65 7) ees 1842 
11 1527.7 61.11 650 5650 nn eee 1900 
12 1628.7 65.15 650 GN = ens 1900 
Total 4691.7 187.68 1950 L695 ese ee 5642," eee 
bs TABLE IX. LOT B, 1920-21 a: 
10-day Oat-and-vetch Sunflower Corn 
periods Milk Fat Hay Grain silage silage silage 
lbs. lbs. lbs. lbs. lbs. lbs. lbs. 
2 1616.4 61.75 620 575 Baer 1810 
3 1650.5 63.05 620 BiG sree 1820 tee 
4 1614.9 61.69 620 55 ae eee 1820)) eee 
Total 4881.8 186.49 1860 1725 9 eee 54500 SE 
6 1481.0 60.87 620 575 13.0.6 11 eens oe 
Y 1301.4 53.49 618 575 1804.5 
8 1371.4 56.36 615 575 1820:0° "See 
Total 4153.8 170.72 1853 1725 548127. = Ton. eee 
10 1313.0 50.29 620 575 essences Roses 1820 ' 
11 1356.2 51.94 620 575 seaeear EEE 1820 
12 1412.7 54.11 620 BIS o ) ~ Pic oe eee: 1820 
Total 4081.9 _ 156.34 1860 ce THOR epee 5 ts a 5460 
TABLE X. SUMMARY LOTS A AND B. 1920-21 A 
Milk Fat Hay Grain Silage 
lbs. lbs. Ibs. lbs. lbs. 
3315.0 135.18 1270 1140 3696.7 
Oats-and-vetch 3057.9 124.63 1268 1140 3695.5 
3104.7 126.56 1265 1140 3720.0 
Total 9477.6 386.37 3803 3420 alti ta lie 
3027.6 116.65 1270 1140 3720.0 
Corn 3036.8 116.95 1270 1140 3711.5 
3022.3 116.40 1270 1140 3658.0 
Total 9086.7 350.00 3810 3420 11089.5 
3151.9 123.17 1270 1140 8652 
Sunflower 3178.2 124.16 1270 1140 3720 
3243.6 126.84 1270 1140 3720 


Total 9573.7 874.17 3810 3420 11092 
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TABLE XI. FEED CONSUMED PER UNIT OF PRODUCT 


Per 100 pounds milk——— ——Per 1 pound fat - 

Hay Grain Silage Hay Grain Silage 

lbs. lbs. Ibs. lbs. lbs. lbs. 

Oats-and-vetch 40.1 86.1 LULZ 9.8 8.8 28.8 
Corn 41.9 37.6 122.0 10.9 9.8 31.7 
Sunflowers 39.8 35.7 115.8 10.2 9.1 29.7, 


In amount of milk produced during this trial the sunflower silage 
ranks first, oats-and-vetch second, and corn last. With the exception of 
cow 431, these cows exhibited little difficulty with the sunflower silage 
although they did not take it as readily as they did the other kinds. The 
12 cows gained 149 pounds in the 30 days on sunflowers, 129 pounds on 
oats-and-vetch, and 25 pounds on corn. 


Trial 3, 1921-22 


Plan. The general plan followed was the same as in Trial 2. Clover 
hay was again available and was used instead of alfalfa. Lot A was fed 
oats-and-vetch silage during period 1, followed by sunflower and then 
corn. Lot B was started with corn, followed by oats-and-vetch and sun- 
flowers. We had the misfortune to lose cow 429 in lot B just as she 
started her final period due to the effects of a piece of baling wire she 
had swallowed. In order to equalize the groups we therefore eliminated 
from the tables her record and the record of cow 431, the animal she was 
paired with, making 10 cows in the trial. 


TABLE XII. DATA REGARDING COWS USED 


Lot A Lot B— - 

Cow Breed Fresh Dec. milk Cow Breed Fresh Dec.milk 
lbs. lbs. 

22 Jersey Dec. 7, 1921 878* 23 Jersey Dec. 29, 1921 *806 
227 Holstein June 8, 1921 552 224 Holstein July 6, 1921 563 
405 Ayrshire Aug. 17, 1921 789 408 Ayrshire Sept. 29, 1921 826 
431 Ayrshire Dec. 5, 1921 900* 429 Ayrshire Dec. 16, 1921 *900 
432 Ayrshire Sept. 24, 1921 738 420 Ayrshire Sept. 21, 1921 826 
441 Ayrshire Nov. 9, 1921 580 442 Ayrshire Dec. 8, 1921 759 
Total 4437 : 4435 


*Estimated to full month. 
Results. Tables XIII to XVI show the results of this trial after elim- 
inating cows 429 and 431. 
_ TABLE XIII. LOT A, 1921-22 


Oats-and-vetch Sunflower Corn 


10-day ( 
period Milk Fat Hay Grain silage silage silage 
; lbs. lbs. lbs. lbs. lbs. lbs. 
2 1039.8 46.79 480 350 1420 ae 
3 981.3 44.16 480 350 1420 ets ee ste 
4 933.5 420.10 480 350 ees es eres Peas 
Total 2954.6 132.96 1440 1050 4260. 9 Beane preeae 
6 800.3 37.01 480 Sh One @ eee: : 1345: 3) ese: 
i 812.8 38.20 480 3505s ee , 1298) sae 
8 878.2 41.28 480 350, | a eet 1298" See 
Total 2491.3 117.09 1440 UME) SHAT Se 
10 T2302 34.14 480 350 Sons x 1420 
11 769.0 36.30 480 350 te Ae 1420 
12 857.1 40.45 480 0) © = SBE svi 1420 


Total 2349.3 110.89 1440 £050) 7 eee : pace ecen 4260 
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TABLE XIV. LOT B 


10-day Oats-and-vetch Sunflower Corn 

period Milk Fat Hay Grain silage silage silage 

lbs. Ibs. Ibs lbs. lbs. Ibs. 

2 1058.0 46.34 490 370.” 4)» eee 1360 

3 1013.9 44.41 490 370 ec A ees 1360 

4 983.4 43.07 490 370 2 See ele 1360 

Total 3055.3 133.82 1470 VL10'*_&) (9-3 eee 4080 
6 863.0 34.16 490 370 1360 
ie 848.6 33°60 490 370 1360 Stbaes 

8 830.9 32.90 490 370 1360 

Total 2542.5 100.66 1470 1110 4080 °° ee eee 
10 764.2 81.94 490 STO) | Fee: 1256 

11 762.9 31.89 490 370 i “ 1291 ? Z 

12 793.5 33.17 490 OO See 1356 Sates 

Total 2320.6 97.00 1470 PULOi ee tees 39038. sae 

TABLE XV. SUMMARY LOTS A AND B, 1921-22 

Milk Fat Hay Grain Silage 

Ibs. lbs. lbs. abs. lbs. 

1902.8 80.95 970 720 2780 

Oats-and-vetch 1829.9 17.76 970 720 2780 

1764.4 74.91 970 720 27890 

Total 5497.1 233.62 2910 2160 8340 

1781.2 80.48 970 720 2780 

Corn 1782.9 80.71 970 720 2780 

1840.5 83.52 970 720 2780 

Total 5404.6 244.71 2910 2160 8340 

1564.5 69.55 970 720 2601 

Sunflowers 1575.7 ; 70.09 970 720 2589 

1671.7 74.45 970 720 2654 

Total 4811.7 214.09 2910 2160 7844 


TABLE XVI. FEED CONSUMED PER UNIT OF PRODUCT 


Per 100 pounds milk 


Per 1 pound fat- 


Hay Grain Silage Hay Grain Silage 

Ibs. lbs. lbs. lbs. lbs. lbs. 

Oats-and-vetch 52.9 89.4 151.7 12.5 9.3 35.7 
Corn 53.8 40.0 154.3 11.9 8.8 34.1 
Sunflowers 60.4 44.8 165.1 13.5 10.1 36.6 


Here the oats-and-vetch leads in amount of milk produced, with corn 
and sunflowers following in order. Again the sunflowers showed lack 
of palatability, but with a little coaxing the cows consumed quite liberal 
quantities. Cow 4381 was much worse affected than the rest, but as she 
was paired with the heifer that died her figures were eliminated from 
the average. They are given later under the heading, Palatability. 


Summary of Three Trials 


Table XVII shows a summary of the milk produced, feed consumed, 
and gains or losses sustained during the three trials. 
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TABLE XVII. SILAGE EXPERIMENT SUMMARY: TOTAL MILK AND FEED 
THREE SEASONS 


: Initial Final No. of 
Milk Fat Fat Hay Grain Silage weight weight Gain cows 
lbs. % lbs. lbs. lbs. lbs. lbs. S S 
Oats-and-vetch P ‘ * We fae 
1920 6082.4 3.86 235.11 38576 2152.8 11790.5 11799 12144 345 12 
1921 9477.6 4.07 386.37 38038 3420.0 11112.2 11440 11569 129 12 
1922 5497.1 4.25 233.62 2910 2160.0 8340.0 9515 9553 380 10 
Total 21057.1 4.06 855.10 10289 1732.8 31242.7 32754 33266 512 34 
Corn 
1920 5491.5 38.71 203.88 3506 2089 ' 10550 12180 12371 ehh = al 
1921 9086.7 3.85 250.00 3810 3420 11089.5 11454 11479 25 12° 
1922 5404.6 4.53 244.71 2910 2160 8340 9536 9619 83 =610 
Total 19982.8 4.00 798.59 10826 7669 29979.5 388170 38469 299 34 
Sunflower 
1920 5305.4 3.94 209.13 8474 1900 9085 12208 12022 186* 12 
1921 9573.7 3.91 374.17 3810 3420 11092 11885 11584 149 12 
1922 4811.7 4,44 214.09 2910 2160 7844 9415 9500 85 10 
Total 19690.8 4.05 789.389 10194 17480 " 28021 33008 338056 48 34 
*Loss. 


In this summary we still see the oats-and-vetch producing the larg- 
est amount of milk, with corn and sunflowers following in order. Giving 
the milk production on corn a rating of 100, the oats-and-vetch yielded 
105.8, while the sunflowers yielded 98. In fat production, with corn as 
100 again, the oats-and-vetch yielded 107, while the sunflowers went 100. 


Table XVIII shows the same data worked down to a per-cow per-day 
basis, It will be noted that gains were made on both the oats-and-vetch 
and corn groups, while the sunflower group barely maintained them- 
selves. 


TABLE XVIII. AVERAGE PER COW PER DAY 


Milk Fat Fat Hay Grain Silage Gain 


lbs. % lbs. Ibs. Ibs. lbs. lbs. 
Oats-and-vetch 20.64 4.06 838 10.08 7.58 30.63 5 
Corn 19.59 4.00 -783 10.12 7.52 29.39 ar!) 
Sunflower 19.30 4.05 783 C8 7.33 27.47 05 


Table XIX shows the digestible nutrients consumed in each feed each 
year and the pounds of total digestible nutrients and protein required for 
each hundred of milk and pound of fat. 


TABLE XIX. 
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DIGESTIBLE NUTRIENTS CONSUMED, POUNDS 


Diges- Diges- 
tible tible 
Protein nutrients nutri- 
per 100 perl100 ents per 
CHand pounds pounds 1 pound 


ae 8 : Protein fat milk milk fat 
lbs. lbs. Ibs. lbs. lbs. 
Oats-and-vetch 1920 Hay, clover 195.61 1649.61 


Grain 195.90 1267.92 
Silage 194.54 1575.21 
Total 586.05 4492.74 9.63 83.49 
1921 Hay, alfalfa 403.12 L559523)0 Woe ey eee 
Grain $11.22 2012.67 Eon, ee eee 
Silage 178.91 1918.50 9 24 eee eee 
Total 893.25 5285.40 9.42 65.20 16.00 
1922 Hay, clover 221.16 T260.03 5 etka 5 icccss eee 
Grain 196.56 1271.16 
Silage 130.94 T459583) = (eee eee 
Total 548.66 3989.02 9.98 82.55 
Grand total 
and average 2027.96  138767.16 9.63 75.01 18.47 
Corn 1920 Hay, clover 191.78 VOLTS 2a5 Vase oie eee eee 
Grain 190.10 1227.38 Beene eet east 
Silage 142.43 £209.85) 9 oes ee Pee 
Total 524.31 4654.03 9.62 94.37 25.40 
1921 Hay, alfalfa 403.86 d'56:2010 ee Ta... 
Grain 311.22 2012.67 
Silage 128.64 T8615 O1) 5 1 xsi | Pe. ee 
Total 843.72 5435.78 9.28 69.10 
1922 Hay, clover 221.16 1260.08: “aS koe ee 
Grain 196.56 U2 UIE CT ae eee 
Silage 80.06 2062) eee 
Total 497.78 3748.81 9.21 78.57 
Grand total 
and average 1865.81 13838.62 9.34 78.59 19.66 
Sunflower 1920 Hay, clover 190.03 1602.56 
Grain 172.90 1116.15 sees 5 
Silage 99.94 LOOATines  xhsce en eoreces 
Total 462.87 3816.18 8.72 80.65 20.46 
1921 Hay, alfalfa 403.86 1b6GQ10 ke eee 
Grain 311.22 BOUZ CT Ve aece Smee 
Silage 112.03 1228799." Ao eee 
Total 827.11 4803.76 8.64 58.82 15.05 
1922 Hay, clover 221.16 1260.03: = Sede een eee 
Grain 196.56 LOAN CG Seen ek ec 
Silage 72.16 391.08 99 ee ee ee 
Total 489.88 3322.27 10.18 79.22 17.81 


Grand total 
and average 
3 years: 1779.86 — 11942.21 _ 9.08 69.67 17.18 


This table was calculated from our own analyses of the feeds, using 
the digestion coefficients given in Henry and Morrison’s Feeds and 


Feeding. 
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When considered from this standpoint the sunflowers rank first, 
with oats-and-vetch second, and corn third, in total di igestible nutrients 
required to produce 100 pounds of milk or 1 pound of fat. The difference 
is not great, however, and when we recall that on oats-and-vetch and 
corn the cattle gained we can only reach the conclusion that for milk 
production they are practically equal. 


TABLE XX: SUMMARY OF TABLE XIX 


Protein per TDN per TDN per 

Feed 100 pounds milk 100 sounds milk 1 pound fat 
SU PO ers Bree ieee ee ee a Lee 9.03 69.67 17.18 
Oa tsa mid evetc ble west te tet ee ees 9.63 ' 75.01 18.47 
COROT ATES. ceedeisasaasgstegtscee seegantaept eee epee ae ear eee Be 9.34 78.59 19.66 


In the three trials 37 animals were started, comprising 32 individuals. 
One was lost by death and one eliminated for other reasons, making 30 
different individuals included in averages. This should be enough to 
eliminate individual errors. 


PALATABILITY 


The lack of palatability of sunflower silage has been mentioned 
several times. This was much more noticeable with some individuals 
than with others, but it was noticed with nearly every cow under obser- 
vation. Any of the cows could be changed abruptly from corn to oats- 
and-vetch silage or vice versa without apparent ill effect or loss of appe- 
tite. An abrupt change from either corn or oats-and-vetch to sunflower 
silage resulted in refusal to eat in all but one case. 

The ten-day transition period was none too long to get the animals 
on to a full feed of the sunflower silage. With the exception of cows 
432 and 442, none of the cows cleaned up the sunflower as ravenously as 
they did the other kinds. They would nose it around for some time before 
they would clean it up. 

The appetite of cow 431 was affected the worst by the sunflower 
silage as it knocked her completely off feed both years she was used. 
Subsequent observation has shown her to be especially fastidious in her 
appetite whether sunflowers are concerned or not, but: most of the cows 
showed their dislike for the sunflowers to a greater or less extent. 


The accompanying graphs, Figs. 1 and 2, show the daily production 
of cow 431. Before being placed on experiment in 1920 (Fig. 1), she 
was receiving oats-and-vetch silage, alfalfa hay, and our regular herd 
mixture of grain. She was producing nearly 33 pounds of milk per 
day. In five days after starting sunflower feeding she was down to 21 
pounds of milk per day. From this she recovered gradually back to near- 
ly 27 pounds of milk, then took another tumble to less than 14 pounds 
fourteen days after starting the test. She refused not only her silage, 
but her grain as well. She finally became hungry enough to eat her 
rations and averaged 20.7 pounds per day for the sunflower period. 

In her transition period from sunflowers to oats-and-vetch she aver- 
aged 22.2 pounds of milk, while for the next thirty days, on oats-and- 
vetch, she made 23.7 pounds of milk per day. The next forty days, on 
corn silage, she averaged 24.6 pounds per day, showing still further 
recovery. 
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Fig. 2 shows the corresponding facts for 1921-22, only she started 
on oats-and-vetch, tumbled when changed to sunflowers, and recovered 


again on corn. 


Professor G. R. Hyslop, of the Farm Crops department of the Ex- 
periment Station, states that his experiments show this lack of pal- 
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Fig. 1. 


atability to be due to lack of the proper fermentation and that it can be 
overcome by adding a small amount of corn, twenty to twenty-five per- 
cent, to the sunflowers when they are put into the silo. We have not 
tried this in our Dairy Investigations as yet. 

The seeds of the sunflowers were in the milk when they were cut. 


V7, 


THE EFFECT OF DIFFERENT KINDS OF SILAGE ON THE COM- 
POSITIONS AND CONSTANTS OF BUTTER-FAT 


In order to determine if the various kinds of silage produced feed 
flavors or changed the properties of the butter-fat in any way, two days’ 
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Vig. 2. 


milk was saved from each group after it had been on each kind of silage 
for 30 days. This milk was separated and the cream churned into butter. 
The butter was packed in crocks scoring for flavor when two days old, 
and during the last two trials was scored again when three weeks old. 
The following table shows the results of the scoring. 
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TABLE XXI. FLAVOR SCORES OF BUTTER 


1920 1921 1922 
Score Same Score Same Score Same 
on at 3 on at 3 on at 3 
Criticism flavor weeks Criticism flavor weeks Criticism flavor weeks 
Oats-and- Rancid Rancid 
vetch A putrid 34 pee 2d score 361% 34 87 85 
Oats-and- Combined . . 
vetch B With SAvenm pts 6a 36 3414 S6u ESO 
Corn A Rancid Sou aed 38 38 36 86384 
Corn B_ Slightly Slightly 
rancid RSE eee 41 38 stale 36 86385 
Sun- Unclean, 
flowers A foreign SOmmeees 41 39 Tallowy 36 0 = 333 
Sun- Musty, old Tallowy Slight 
flowers B cream 26.1) ee rancid 36 31 feed 385 0-334 


Very little, if any, difference could be detected in the flavors of the 
two samples of butter made at the same time. A slight feed flavor was 
noticed in one of the samples from sunflower silage, but that is the only 
time that criticism appears. It is safe to say that no feed flavors were 
noticeable to any extent. 

Samples of this butter were sent to the Experiment Station Chemist 


for determination of the constants of the butter-fat. Table XXII shows 
the results of these determinations. 


TABLE XXII. *SUMMARY OF CHEMICAL RESULTS 


Melting 
Kind of silage Hanus method Reichart point, centi- 
Year Kind iodine No. Sapon. No. Meissl No. grade Ref. index 
1920 Corn 31.220 230.400 27.87 32:2'75 cere 
1921 Corn 29.640 230.950 28.295 S1:925 °° ay ae 
1922 Corn 20.035 225.500 26.205 32.000° 1.45435 
80.895 686.850 82.370 96:2002° | 
Average 26.965 228.950 27.457 32.067°" | Saree 
1920 Sunflower 33.200 228.400 27.06 S212 55 teers 
1921 Sunflower 83.400 231.875 29.04 31285 0:27 ne ene 
1922 Sunflower 21.350 224.000 25.775 32.035° 1.45485 
87.950 684.275 81.875 SE-010 0 Ves 
Average 29.317 228.092 27.292 8250032 7 eee 
1920 Oats-and-vetch 29.950 230.000 27.10 82-4005 ee eee 
1921 Oats-and-vetch 30.360 235.000 29.85 31230 °R ee eee 
1922 Oats-and-vetch 18.430 228.250 27.59 32.985° 1.45389 
78.740 693.250 84.54 96.615° 
Average 26.247 231.083 28.18 $2.205° 


*Credit for the chemical work is due to Professor J. S. Jones, Experiment Station 
Chemist. 


The only marked difference brought out by this table is in the iodine 
number, which shows the butter-fat from sunflower silage always higher 
than that from the other kinds. The average of all analyses shows the 
sunflower fat to have an iodine number of 29.317, corn 26.965, and oats- 
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and-vetch 26.247. This would indicate a larger content of olein in the 
sunflower butter-fat. 

The 192% determinations were all exceedingly low in iodine number 
as compared with the others. We cannot account for this, but their 
relation to each other seems to hold about the same as in other years. 

As a basis for comparison the constants from nine samples of butter 
from all over the state as run by the Agricultural Chemistry department 
show the following average: Iodine No. 31.64, Saponification 228.7, Rei- 
chert Meissl No. 28.63, Melting Point 32.78°C. 


MISCELLANEOUS FINDINGS 


An apparatus similar to that worked out by the Kansas Station was 
obtained for taking a cubic foot of silage from the silo. It was planned 
to take the weights of a cubic foot of silage at two-foot intervals the 
entire depth of the silos. Through misunderstanding these weights were 


not all taken, but enough were taken to be of some value. 
TABLE XXII. WEIGHT PER CUBIC FOOT OF SILAGE, 1921 


Kokeel (oats-and-vetch)———— 


——Concrete (corn)—————-- 


Height Weight Height Weight 
in silo per cu.ft. Dry matter Date in silo per cu.ft Dry matter Date 
ft lbs. % hts lbs. 
18 39 25.35 1l- 6-20 18 48.0 2-14-21 
13 41.5 28.60 11-30-20 16 50.0 2-26-21 
10 40 28.95 12-18-20 14 50.0 4- 1-21 
8 Ae) ee 12-27-20 8 53.5 4-30-21 
6 45 27.66 1- 6-21 6 53.0 5-12-21 
4 45.5 28.20 2-20-21 72 59.0 : 6-15-21 
2 44.8 28.62 5-20-21 i Pen ee ener 
Average 42.4 27.9 52.3 22.57 
Filled to height of 38 ft., 4 in., Filled to height of 33 feet, 
settled to 31 feet settled to 28 feet 
Two men were tramping all the time while filling these silos. 
TABLE XXIV. WEIGHT PER CUBIC FOOT SILAGE, 1922 
~——Kokeel (oats-and-vetch)—— —— Concrete (corn) —Stave (sunflowers—— 
Ht. Wt. DM Date Ht. Wt. DM Date Jah, WA Dh Date 
ete lbs. ft. lbs. ft ibs: 
34 SASH access 7-20-21 
30 35 27.84 8- 3-21 
28 87.5 Ae: 8-16-21 
26 37.5 ere 8-31-21 
24 38 watcss 9- 9-21 
22 88 9-20-21 
20 A1.5 10- 2-21 
18 44 10-15-21 
16 45 11- 3-21 
14 45.5 11-17-21 
12 45 11-29-21 
10 51.5 12-13-21 10 53 20.75 3-29-22 
8 50 12-28-21 & 8) Bee 4-25-22 8 46 18.05 3-29-22 
6 51 1-12-22 6 49 19.65 4-25-22 
4 51 2-15-22 4 53 26.16 5- 5-22 4 538 20.28 -5-22 
7 51 3- 2-22 PR BLS 5-29-22 Zee ONES. OL 5-29-22 
Avg. 43.3 51.5 23.62 50.7 19.00 
i 38 feet, settled to 34 Filled to 34 feet _ Filled to 10 feet with 
en rt cmatie packer use Settled to 29 feet sunflowers and then up 
on first half. Two men tramping to 15 feet with corn. 


Two men tramping. 


Through misunderstanding samples were not taken in concrete and 
stave silos until nearly empty. It is interesting to compare the weights 
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of oats-and-vetch in the Kokeel silo with the year before, when it was 
tramped. The average weight in the lower half after machine packing 
was 48.8 pounds, while after tramping with men it was only 42.4 pounds. 

The packer used in the Kokeel silo did very good work when it could 
be made to run. It gave a great deal of trouble in this respect, however, 
and was finally dismantled and thrown out when the silo was about half 
full. It cost too much to hold a crew idle while the packer was being 
repaired. 


CONCLUSIONS 


1. Sunflower silage lacks in palatability. 


2. There is very little difference in feeding value of the three kinds 
of silage as measured by milk yield. 


8. The sunflower has yielded the largest tonnage per acre over a 
series of years, with the oats-and-vetch second, and the corn third. 


4. During the years with a favorable season the oats-and-vetch 
yielded the highest tonnage. 


5. Determination of chemical and physical constants of butter-fat 
indicates a slightly higher olein content of sunflower butter. 


6. A cubic foot of oats-and-vetch silage weighs about four-fifths 
that of corn or sunflower silage. 


7. The automatic packer increased the capacity of the silo 15.1 
percent, but is not perfected sufficiently to be practical. 


APPENDIX 

ANALYSES OF SILAGE USED 
Ether 
Feed Water D.M. Ash ©. Pro: C. Fibre N.F.E. extract 
Yo %. -%o % % % % 
Oats-and-vetch, 1920 76.87 23.18 1.64 2.20 7.99 10.62 .68 
Oats-and-vetch, 1922 70.29 29.71 2.20 2.09 9.70 15.20 52 
Average 73.58 26.42 1:92: 2.15 8.85 12.91 -60 
Corn, 1920 73.00 27.00 1.39 2.64 4.45 17.55 OF 
Corn, 1922 76.38 23.62 1.30 1.89 6.08 13.93 42 
Average 74.69 25.31 1.35 2.27 5.27 15.74 -70 
Sunflower, 1920 717.62 22.38 1.55 2.24 6.22 11.62 .85 
Sunflower, 1922 81.34 18.66 2.15 1.87 5.58 eral 1.35 


Average 79.48 20.52 1.85 2.06 5.90 9.64 1.10 
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OREGON MUST LOOK AHEAD 


Hundreds of thousands of acres of good but profitless stump 
lands in our state already await reclamation for agriculture. 


Twenty-one million acres of standing timber remain, and 
we are just entering the great cutting era. 


What shall we do? How can we begin replacing this huge 
wealth resource before it is exhausted and leaves us impover- 
ished? 


Can the best of this stump land be changed to profitable 
farms and thus bring enduring wealth to Oregon? 


This is one of our most difficult problems in land economics, 
and as yet. it is a problem unsolved. 


Can we produce a convincing, practical, commercially suc- 
cessful solution to this problem, that will bring genuine aid and 
guidance to the settler on the stump lands, or must we wait 
for slow and costly natural economic evolution to work this 
problem out for us at the expense of generations of settlers? 


This bulletin describes a new method of land clearing to 
which the Oregon Experiment Station has given years of study 
and on which it has reached conviction. 


It is a simple, logical, practical method. It cuts the cost 
of clearing big stump land in two. 


What shall we do with it. Can we establish it? 


Simple and practical as it is, yet it is new. Many at first 
will fail to use iti correctly and successfully. It will take effort 
and patience and persistence to put it in use. New methods in 
agriculture, no matter how sound and good, take years to be- 
come established. : 


County agricultural agents and College Extension Service 
can do much. Owners of timber and logged-off land, bankers, 
chambers of commerce, and development bodies can do more. 
Put this method to the commercial test, and in a few years 
we may have it permanently established and in use. 


Stump Land Reclamation in Oregon 


A New Method of Clearing the Big Stump Land 
By 
H. D. SCUDDER 


THE STUMP LAND PROBLEM 
FOREWORD 


Free lands for new homesteads in the West are gone. While there 
are millions of acres of public land and grant land still untaken, there 
remain few claims of sufficient value to justify their cost in money, time, 
labor, and social and economic isolation. 


The seeker after new land must turn in future largely to those areas 
still unreclaimed from desert, swamp, and forest. In these lie our rich- 
est remaining land resources. With the advance of settlement in search 
for further agricultural domain, the reclamation of these lands has as- 
sumed a commanding position in land economics. 


Reclamation of our arid and swamp lands through irrigation and 
drainage has progressed to successful establishment in fact as well as in 
public confidence. Reclamation of stump land, in an organized way, has 
hardly been touched upon. Yet here lies our greatest remaining field 
for reclamation work. The extent and importance of this field has not 
been realized by the general public. Further and more careful explora- 
tion of its possibilities must perhaps precede any extensive reclamation 
of this land. A brief comparison, however, is indicative both of the great 
future interest we may come to take in this land resource and of the 
magnitude of the problem it presents. 


CLASSES OF RECLAIMABLE LAND IN UNITED STATES 


metered total area of irrigable land in United States........0022.0..22...-- 15,000,000 acres.* 
Estimated total area of swamp and overflow land in United States. ... 80,000,000 acres.* 
Estimated total area of stump land in United States......020.00222 ee 240,000,000 acres.7 


DISTRIBUTION OF CHIEF AREAS OF CUT-OVER LANDS, UNITED STATES 
(Annual Report, Secretary of the Interior, 1918.) 


State Acres State Acres 


UE SUNT meee eee Casey oa setae re ded hae ceeee a eaec 6,135,000 Alabama 14,785,000 
New Hampshire ... 2,608,000 Mississippi .. 13,203,000 
Vermont ......... ... 2,070,000 Louisiana .. 11,877,000 
New York 5,997,000 Texas 3 .. 12,936,000 
Pennsylvania 5,297,000 Arkansas 5 .. 18,893,000 
New Jersey 1. 2,151,000 Missouri ..... » . 8,900,000 
Maryland ......... _.. 1,848,000 Michigan - 11,686,000 
Cee AValbfeayt ote ye een cee peeae ere 4,634,000 Wisconsin 13,246,000 
"ASRGEGL OW Eat, wera aaa Dae eRe ene ee 9,929,000 Minnesota 14,022,000 
Kentucky ... eee 3,222,000 Montana eS 674,000 
Tennessee ........ ieee 11,880,000 dah geese oa 676,000 
BSNST ET COATOUMG.02.00ts0204e0ccensteetnreewcs 12,745,000 Washington = We Ke: 3,330,000 
Bethe Carolina ecicteereee sar ce-ecccuon 8,994,000 Oregon ei... Sie cannes SOSD SN ROO0 
rR Oh eee seen ee ee ee 05 000 Californian nsec ea OOD 
BLT AE ect epee ea oo atv nase aaccerespierese . 10,109,000 —- _ 

(Minor areas omitted) WoT MDS aco ee ceeeeePe 228,509,000 


#Ratimates of U. ee Department of the Interior. jU. S. Forest Service. 
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Of these vast areas, the portion valuable for agriculture and worth re- 
claiming has not as yet been determined. A primary step in national 
land economies, that it is none too early to take, is an inventory and clas- 
sification of these lands as to their value and best utilization. While it is 
true that a large portion of the cut-over land is more valuable for refor- 
estation than for agriculture, it is likewise true that an enormous area 
of potential farm land now in stumps, far in excess of any other class of 
reclaimable land, awaits practicable agencies for reclamation. 


STUMP LAND PROBLEM IN PACIFIC COAST STATES 


In Oregon, the Northwest and Pacific Coast states generally, the 
stump-land problem, though already of great interest and importance in 
many localities, is as yet in its early stages. Statements in a recent pub- 
lication* on our forest resources make this clear. ‘The great pine forests 
of New England and the Lake states are practically cut out. * * * The 
New England region now ships in about thirty percent of the lumber it 
consumes. The Lake states region * * * consumes the equivalent 
of 70 percent of the total it cuts, leaving only 30 percent for export. The 
southern pine region * * * is already past the peak of its produc- 
tion * * * and within ten years will probably cease to export. The 
Pacific Coast region alone contains more than one-half the remaining 
saw timber in the United States.” An increasing concentration in timber 


manufacturing in the Pacific Coast region is not only indicated but 
already begun. 


STUMP LANDS IN OREGON 


In Oregon alone is found one-fifth of the standing timber of the 
United States. According to the authority just quoted Oregon has a to- 
tal of 18,750,000 acres of mature timber, and 2,500,000 acres of second 
growth, or a total of 21,250,000 acres of land in timber. Of this, it is 
estimated that 10,000,000 acres in Western Oregon and 5,000,000 acres 
in Eastern Oregon is distinctly forest land; that is, of more value for 
reforestation when cut than for agriculture. This leaves approximately 
6,250,000 acres, or 30 percent of our present timbered land of possible 
value for agriculture when cut. 


In addition, as shown below, there is estimated to be at this time in 
Oregon 2,668,000 acres of burnt-over and logged-off land, of which 830,000 
acres, or 31 percent, is estimated to be of value for agriculture. The 


rate of cutting in Oregon at the present time is estimated at approxi- 
mately 100,000 acres per year. 


Tp Georee Ww Peavy, 0. A. C. School of Forestry in Bulletin No. 2, Oregon State 
Board of Forestry. 
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APPROXIMATE AREAS OF STUMP LANDS, OREGON, 1920* 
Western Oregon 


Acres burned Acres 


County and logged agricultural 
IB ert O10 rte nope eee Re IEEE Ra REN ek ge 4,560 1,390 
Clackamas pe trae 100,000 10,000 
Clatsop. ....... = eee ee 123,530 61,765 
Columbia . ra ... 200,000 70,000 
Coos PERE, ee. 262,965 100,000 
CU yaar me cer ae ere ee, ee RRR ee .. 91,000 10,000 
Wouplas mrt ent eae pee eee .... 470,000 240,000 
ACES ON eco are et eS eee 32,000 10,000 
Josephine _ eee DSO 00 10,000 
anew. 1... 200,000 50,000 
JTW AXOCN ho acer ace -Aee cbc Bear UR eee ee eee hes erry hin ier een eee 75,000 25,000 
Linn ots Lae uate  £O05000 10,000 
NVat iO Tee eee ce rere tees Ee noe Beechat - 15,000 2,500 
Multnomah ee 3 - 90,240 40,920 
LEO. Spasceesrocer rere a a 34,000 10,000 
Tillamook Pet ess ; Seer: pee LO. 000 20,000 
Washington poe eee ee LL D05000 75,000 
Wee ea OWE Ex soe. een speceee a res Senne ie pe Were eee nee ere 100,000 35,000 
Motaleers SOS PEE AHP oct EERE PEE ES 2,160,295 781,575 
Eastern Oregon 
LENSES D a Suies Agere ee Ene ng AEN AOR eee ek a eR eae PO 81,376 — — 
Crooks... ee 3,000 —-— 
Deschutes Bowe stiecteee 20,000 eee 
Grant. ..... ne per Ree TTR 8,987 1,000 
Harney ...... : ee ee 8,000 
Hood River -.. 80,000 8,000 
RUGS TRE SOTA Mee ees han Sea pene ae one car Sapa sath ea eg Ses 3,000 500 
Klamath 3 Efe seers - 40,000 4,500 
ake esis: : 3,100 
Malheur . ee Sees 338 100 
Umatilla 100,000 
mio 150,000 20,000 
Wallowa, 40,000 10,000 
Wasco 25,000 5,000 
508,107 49,100 
BIRO Ce SMeROT SCA LCS oe se eased chp ooc oe ans ai ce cee ance eutacrecascGsztuadst obec amazed 2,668,402 830,675 


In brief, we have in Oregon, though no accurate classification has been 
made, possibly 5,000,000 acres of agricultural land now in timber and 
1,000,000 acres of agricultural land already in stumps, and we are cutting 
yearly at an increasing rate. While much of this area may not be of suf- 
ficient agricultural value to justify clearing, yet if even 10 percent of our 
total timbered and wooded area is good agricultural land, the reclamation 
of our stump land is one of the biggest and most challenging of problems 
in Oregon’s future development. 

Much of this land is of high value for agriculture. Some of it is not 
excelled in richness by any now in cultivation. Some is chiefly valuable 
for grazing. The larger share of it comes under the favorable climatic 
conditions of Western Oregon, requiring neither drainage nor irrigation. 
Considerable areas of it are close to highways and railroads and markets. 
Have we feasible methods of reclaiming this land at a cost within its 
market value when cleared? 


*State Forester F. A. Elliott, Oregon State Board of Forestry. 


In the adjoining state of Washington a recent estimate places the total area of logged-off 
land at 4,600,000 acres, of which 2,214,000 acres is considered agricultural land. British 
Columbia, on the north, and California, on the south, have further great areas of 
valuable stump -land of similar character to that in Oregon. 
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POWDER AND PULLER NOT SUFFICIENT 


In the pine region of the northern states, as well as in the southern 
pine belt—the two areas in which at present are found the largest acre- 
age of stump land valuable for agriculture (Table, page 5) the use of 
powder and puller combined has proved a fairly feasible method of land 
clearing, and some progress in clearing and settlement of stump land is 
being made, particularly in areas stimulated by organized community 
effort. i: 

But powder and puller in Oregon and the Northwest, while most valu- 
able supplementary agencies, are economically not sufficient for the task. 
The reason for this is the great size of the stumps of the Northwest land. 
The average stump on typical stump land in the Northwest has twice the 
size of top and roots as that of the timber regions of either the northern 
or the southern states. While clearing with powder and puller costs in 
these regions from $20 to $90 per acre, here it costs from $40 to $350 per 
acre, with $200 per acre a fairly representative figure for typical logged- 
off land. : 


THE BIG STUMP THE REAL PROBLEM IN NORTHWEST 


The big stump is the real problem in clearing the logged-off land in 
the Northwest and the Coast region. With ordinary methods of clearing, 
the cost per foot of diameter of stump increases with the increase of the 
diameter of the stump. The “big fellow,’ running from two feet to eight 
feet or more in diameter, and standing thirty or more to the acre, can- 
not be removed economically with methods now used. In other words, 
the cost of clearing big-stump land with present methods is usually 
greater than the present market value of the land when cleared, or of 
land of similar quality already cleared. Because of this, land-clearing in 
the Northwest is making little or, no progress, while the area of stump 
land is steadily increasing at a rate that is yearly making the economic 
problem more acute. 


The small stumps, up to fifteen inches in diameter, or the next class, 
up to twenty-four inches in diameter, are a lesser problem, as they can 
be economically removed with horse- or engine-operated puller, or with 
the addition of a little powder to crack or loosen and shake the dirt in 
preparation for the puller. It is the big stump that is prohibitive in cost 
of clearing. 


OLD METHODS OF CLEARING 


Little advance in improved agencies for land clearing has been made 
since the invention of the stump puller and the development of stumping 
powder. A discussion of the scores of methods, devices, and theories for 
clearing the Pacific Northwest stump land, that have been tested or ad- 
vanced during the last twenty years by various men who have given this 
subject thought, would serve to indicate how difficult and important this 
problem is, but otherwise would be of little value, for it would lead to but 
one conclusion—that we have not yet found a method that is feasible. 
The proof of this lies along every highway and by-way, skirting our rail 
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lines for miles, standing at the very doorways of our cities and towns— 
in the thousands of acres of fertile, attractive, close-in agricultural lands 
that lie profitless in stumps. 


Fig. 1. Rich land but idle and profitless and a burden to the taxpayer. Twenty miles 
from Portland on the Columbia Highway. 


Fig. 2. Clover crop just across the pavement from the land shown in Fig. 1. Market 
value of this land &300 per acre or better. 


Hundreds of active minds have tackled this interesting problem. Some 
of the methods advanced have had outstanding features of value. Some 
have been wildly impractical in conception. But all have had faults that, 
when tested against the giant tombstones of our forests, have proved 
them unfit. Powder and puller and fire alone have emerged and remained 
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as our sole substantial weapons, and even these, as heretofore used, have 
proved inadequate against the big stump—too dear in toll of labor, pa- 
tience, and cash. 


A NEW METHOD 


Fifteen years of study and observation of land-clearing methods, the 
last seven devoted particularly to the study and trial of the stump burner 
herein described, have convinced the Oregon Experiment Station that 
there is a cheaper, simpler, and more practical method of clearing big- 
stump land than any heretofore in use. While our findings on this method 
in many details, no doubt, are not final, and ‘while much corroborative and 
development work remains to be done, yet it seems safe to say that in 
this new method a definite step forward in land clearing has been made. 


Let it be stated at once that this new process does not eliminate labor, 
hardship, and cost in removing the big stump, nor is it 100 percent effi- 
cient on all big stumps. Nature has used her utmost art and patience in 
the intricate entanglement of the many-fanged root mass of the tree with 
the earth, to rear and hold aloft the giant plant. When man attacks 
with equal art and a fragment of her patience and labor, he may ap- 
proach her perfection, but cannot hope to equal it. The power of powder 
and puller has proved economically inadequate to the task, but the old art 
of fire in a new development gives promise of success. 


That this new method does materially reduce the cost of clearing big 
stump lands and brings them within the possibility of economic use, that 
it greatly reduces the hard labor of land clearing, that it is simple and 
extremely practical, requires little cash outlay, fits extraordinarily well 
into the labor program of the farmer and settler who has the land clear- 
ing work to do, and that it gets successful !results on a large percentage 
of the big stumps under actual conditions in which they are found, will 
not be denied by any \who have given the method a fair trial. 


To an Oregon farmer, Mr. S. F. Zysset, is due the credit for the inven- 
tion of a simple but seemingly perfect’ appliance for the effective use of 
fire in destroying the big stump. The necessity of finding a cheaper and 
easier method than powder and puller for the big stumps on his own land 
was the mother of his invention. 


On the completion of his device, Mr. Zysset brought it to the attention 
of the Oregon Experiment Station. The Experiment Station had already 
come to the conclusion, from an extensive study of the old char-pitting 
method, that the use of fire was the most promising field of study and at 
once became interested in the possibilities of the new appliance. Begin- 
ning in 1915, the Experiment Station has made a study of the Zysset 
stump burner, extending over a period of seven years, during which the 
development of the best metheds of use of the burner on the different 
types and kinds of stumps and stump land and the time and cost stud- 
ies necessary to indicate its economic feasibility, have been made. 


In brief, it may be said that out of more than a score of devices and 
methods for land clearing investigated by the Experiment Station, this 
one alone has emerged convincingly practical, and outstanding in reduc- 
tion of labor and cost of clearing. 


1] 
OVERCOMES FAULTS OF OLD CHAR-PITTING METHOD 


The new method may be best described as a modified char-pitting pro- 
cess. The old char-pitting method, sometimes called “coal-pitting,” first 
used in Oregon some thirty years ago and extensively tested and devel- 
es, both in Oregon and Washington, had one great virtue and one great 

ault. 


Fig. 3. The vusiness end of a Douglas fir, a lateral rooted species. It is the massive 
root system of the big stump that makes land clearing costly. 


Fig. 4. Pine root crown below ground level. Pine, oak, and ash are usually tap-rooted 
and hence more easily burned out. 


Its virtue was that, properly used, it would not only consume and des- 
troy the big stump itself, but also the larger share of its roots to a point 
below plow depth. The big problem in land clearing is not getting rid of 
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the bole or crown of the stump alone, but rather making away with the 
great root fangs and secondary roots extending out in all directions from 
the stump in the surface soil and within reach of the plow (Figs. 3 and 
4). It is in clearing away the roots that the excessive cost and labor of 
land clearing are chiefly involved. No land clearing method that does not 
successfully and economically handle the root system that lies above plow 
depth, can be considered satisfactory. The old char-pitting method solved 
this feature of land clearing with marked success. 


The great fault of the old char-pitting method, however, was the dif- 
ficulty experienced in getting the stumps successfully afire. While the 
experienced char-pitter was successful with a high proportion of the 
stumps fired, the beginner usually lost four fires out of every five tried, 
and would give up the method in disgust, considering it a failure. It 
was a failure for the man who did not learn how to use it, and its use was 
difficult to teach. 


A second fault of this method was that the stump was set on fire on 
the outside first and burned from the outside, in toward the heart, thus 
cutting off the central fire from the roots when the bank dropped in; 
hence in many cases not all the roots were burned out. 


After years of effort on the part of the experiment stations in both 
Oregon and Washington in developing its use, the old char-pitting method 
has been very largely abandoned for the faults just described. 


PART I. THE NEW STUMP BURNER METHOD 


The new method herein discussed, by means of a simple appliance 
called the stump burner, first, insures the easy and thorough firing of the 
stump, and second, burning from the interior of the stump outward, per- 
mits far more effective burning out of the root system than did the old 
char-pitting method. Thus it retains the chief virtue of the old char- 
pitting process and overcomes its greatest faults. Any school boy who 
can start a fire in the kitchen stove can successfully set a stump afire 
with this new appliance. 


The burner method is exceedingly simple and may be roughly described 
in a few words. By means of the burner parts (furnace, hood, draft pipes, 
and chimney) it is possible with ease, first, to burn a hole through the 
base of the stump and then convert the stump itself into a stove, and then 
with its own draft, chimney, and fuel, develop a fire in the stump interior 
so intense as to insure its combustion and the firing of the roots. When 
this is done the stump is banked in with earth and the crown and roots 


are burned out below plow depth as a char-pit. Detailed description of 
the procedure follows. 


THE BURNER OUTFIT 


A burner unit consists of the following: a furnace, two hoods, a long 
draft pipe, two short draft pipes, and several lengths of ordinary six- 
inch stove pipe. The only equipment required in using the process is a 


shovel, an ax, an iron furnace hook, an iron punching rod, and a wooden 
cleaning rod. 
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The furnace and two hoods are very thick walled, heavily reinforced 
Iron castings, weighing combined about two hundred pounds. Each is 
open on the bottom and at the rear end and each has a shoulder on top 


for attaching the stove pipe. The furnace has a small draft door in the 
front end (Fig. 5). 


The station trials have shown that such thickness and heaviness of 
castings are necessary in order that they will stand up under extreme heat 
without buckling or cracking, will not cool too rapidly when removed 
from the earth bank, will not crack or scale off, and will endure repeated 
firing without damage. The extra thickness of metal is especially impor- 
tant for the furnace, so that it will retain its heat while being moved 
from one stump to the next through mud and rain, making it easy to start 
a new fire in it without kindling or reheating. The arches inside the 


Fig. 5. The stump burner equipment. Furnace at right and hood at left. 


casting, aside from reenforcing the walls, are also designed as deflectors 
to direct the flames most advantageously for an effective fire, and es- 
pecially to prevent burning out of the stump just above the furnace and 
the hood with resultant trouble in banking. It may be well to state here 
that numerous substitutes for these cast pieces have been tried (old iron 
plate, tiles, brick, etc.), but no satisfactory substitute for them has 
been found. 

The draft pipes are of black iron, two inches in diameter, the long 
pipe ten feet and the short ones four feet in length. Station trials have 
shown that a diameter of two inches gives the best results, smaller giv- 
ing not sufficient draft and larger, too much. 

The furnace hook is made of one-half-inch round iron, about three feet 
in length with a large rounding hook in one end and a flattened loop for 
hand-hold at the other. 

The punching rod is of one-half-inch round iron, about six feet in 
length with flattened, chisel edge at one end and flattened loop for 
hand-hold at the other. 
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The cleaning rod is a slender, straight pole, about fifteen feet in 
length, and small and straight enough to run through the draft pipe. 


NUMBER OF BURNERS REQUIRED 


Depending upou the time available for clearing and the rapidity with 
which the work is desired done, from one to four burner units per man 
may be employed. The station trials have shown that four units (four 
furnaces and eight hoods) are usually the maximum that one man, using 
all of his time, can keep going. Two units constitute a desirable equip- 
ment where full time cannot be used but satisfactory progress is to be 
made. It would seldom be advisable to attempt work with but one unit, 
as the burner requires attention only at intervals and a one-unit outfit 
would likely be more or less neglected, and rather slow progress would be 
made. 


KINDS OF STUMPS BURNED 


In the station trials the new method has given entire satisfaction in 
burning fir, pine, spruce, and oak. Other species common to land of ag- 
ricultural value, hemlock, maple, ash, and alder, are all good burning 
woods similar to those listed and should be handled successfully with the 
burner. 


An understanding of the character of the stumps with which we have 
to deal, as to species, is important and is indicated in the tabulation be- 


low as reported in bulletin No. 2 of the Oregon State Board of Forestry 
from data of the United States Forest Service: 


TIMBER SPECIES OF THE PACIFIC COAST REGION* 


Douglas’ | fis ees tec ee 
Western yellow pine and Jeffrey pine... 


--..581,847,000,000 
---243,771,000,000 


Wiesternmhemloch mers. ee ores -...155,614,000,000 
Western red cedar ...154,019,000,000 
PEUG LPS) Peck ee eet oe ee ene .... 82,479,000,000 
Sugar pine and Western white pine ..-- 78,622,000,000 
Redwood ee! sees ae ee .... 78,738,000,000 
Western larch .... 28,197,000,000 
Spruces.2.s 2 . 25,954,000,000 
Lodge pole pine ; .. 4,566,000,000 
Other species. -2.....0025 ....278,143,000,000 

Rotel pn ereie ee eerie PRR ree eee ee 1,706,990,000,000 


Of the species listed above those conifers most common to land of ag- 
ricultural value in Oregon are distributed as follows: 


CONIFERS COMMON TO AGRICULTURAL LAND IN OREGON 


Douglas) firs eee eres hewn eee Se eter EASE 256, 342, 000, 000, ( 
Western yellow pine . ; -..100,000,000,000, ( 
Western hemlock : 23,000,000,000, ( 
( 
( 


per eo of total) 
percent of total) 


Ve 

5 
& 6 percent of total) 
Western red cedar ...... - 15,000,000,000, 4 
1 


Me percent of total) 
SDPU CGE seers Beare echoes saz tere Meese epee Et RRL Seer VE 4,374,000,000, 


percent of total) 


Total (cee dys Ula aie obs Sesiva bareasie dec yeteeesiyys cee ee 397,716,000,000 (100 percent) 


*The Pacific Coast region includes the following, named in order of their total stand 
of timber: Oregon, 452,000,000,000; British Columbia, 350, 000,000,000; California, 344,- 
000,000,000; Washington, 268,000,000,000 ; Alaska, 150,000,000,000 ; Idalio, 98,000,000,- 
000; Montana, 55,000,000,000. 
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It is clear that the chief stump with which we have to deal in land 
clearing in Oregon and the Pacific Coast region is that of the Douglas fis 
often called yellow fir (the old growth), or red fir (the second growth). 


The Western yellow pine is of much less importance in land clearing 
than is indicated by its stand, owing to the fact that most of it is found 
on soils unfit for agriculture or of relatively low fertility, although of 
course pine will grow and is occasionally found on good agricultural land. 


The Western hemlock is of minor importance, for while found more or 
less on agricultural land it contains little pitch, roots less deeply, rots out 
very quickly, and altogether is less difficult to deal with from the land- 
clearing standpoint. 


Western red cedar, except in deep, mellow, moist soils or bottom lands, 
usually is shallow-rooted and easily pulled over or cracked with pow- 
der and pulled. Furthermore, it is usually fibrous-rooted; that is, the 
roots are many and light and do not offer much body for fire. Fre- 
quently also the stump is hollow. Again, the wood contains an oil but 
no resin or pitch. For these various reasons it is doubtful whether 
cedar is important from the burner standpoint, and since in many of 
our logged-off areas cedar stumps are not frequent, no attempt has 
been made to burn them. 


Redwood stumps, of great importance in Northern California because 
of their great size and high cost of clearing and the high value of much 
of the land upon which they stand do not occur in the Northwest 
states except in a very limited number in the extreme southwest corner 
of Oregon, and as yet have not been tested with the burner. 


Spruce burns very well, especially on tideland, where it is very pitchy. 
Difficulty with spruce consists in the fact that it is so often high-rooted, 
the root bridges or buttresses standing high out of the ground, ani for 
this reason requiring a larger amount of labor in banking. Spruce also 
is thin-barked and does not furnish fuel for the furnace, so that bark 
must be secured from adjoining firs if there be such. Since, however, 
the spruce is a costly stump to remove hy ordinary means, the use of the 
burner may often be justified notwithstanding the extra labor required 
in banking. The total amount of spruce to be removed from agricul- 
tural land is small and is confined largely to a few counties on the Coast, 
particularly Tillamook and Lincoln. Unfortunately, a great deal of 
the most valuable land, especially in Tillamook county, has never been 
cleared of spruce stumps and the wrecks of these stumps, cut twenty or 
thirty years or even longer ago, and partly burned and rotted away, 
stand on valuable pasture land much in the way and costly to remove. 
They offer in such condition a poor place for the use of the burner. 
In the case of land more recently cut where the stumps are still sound 
and in normal condition and not too high out of the ground, and where 
fir bark is available for furnace fuel (frequently the case on tidelands), 
the spruce can be successfully handled with the burner method (Fig. 6). 


The noble fir, very commonly called “white fir” in Western Oregon 
north of Josephine county, usually does not burn well, not even in a stove, 
and hence is not suitable for the burner method. The amount of this 
species on agricultural land is insignificant, and further, it rots rather 
quickly and is taken out by ordinary means fairly easily. 
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The sugar pine and lodge pole pine burn well but grow at the higher 
elevations and are not found to any extent on lands of agricultural value. 
The Western larch burns fairly well but is little found on agricultural 
land. . 
In general it seems safe to say that with the minor exceptions noted 
above, any species of stump of reasonably sound, burnable wood or of 
sufficient size to justify the use of fire, and with roots sufficiently large 
to carry a fire well (4 to 6 in. in diameter), is a desirable subject for the 
use of the burner. .> 


Fig. 6. Spruce stumps. At left, high-rooted wreck, difficult to burn. At right, normal 
stump satisfactory for burner work. 


SIZE OF STUMP 


The outstanding feature of the land-clearing problem in the North- 
west, as already mentioned, is the size of the stumps and the excessive 
labor and cost of removing them through ordinary means. The para- 
mount value found in this new method is that the bigger the stump, the 
better it burns. The cost of burning decreases as the diameter of the 
stump increases, just the reverse of the case where ordinary methods are 
used. Stumps three, six, nine, or twelve feet in diameter, the removal of 
which by ordinary means is usually prohibitive in cost, are those which 
the burner consumes most economically and completely. The burner 
method is essentially a big-stump process. 


The experiment station trials indicate that the removal of the smaller 
stumps, those up to about eighteen inches in diameter and often, under 
favorable conditions, up to twenty-four inches in diameter, is best ac- 
complished with a puller, supplemented with powder, and that the cost of 
pulling the smaller stumps is economically feasible. This fact has been 


well established also in other states where cost of clearing has been in- 
vestigated. 
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The stump burner is best used on stumps twenty-four inches in diam- 
eter and larger. 


In Oregon the ordinary stand of Douglas fir stumps averages about 
thirty to thirty-six inches in diameter, ranging from two feet to six feet 
or more, the average size increasing in the sections of heavier rainfall 
and richer soils. The average diameter and range in pine is somewhat 
less and in spruce somewhat more; the former being found chiefly in 
the drier sections of the state—Eastern Oregon—and the latter in the 
Coast area where the rainfall is heavier. The maximum diameter of 
Douglas fir on record is 17 feet, spruce 15 feet, and pine 8 feet. 


CONDITION OF STUMP 


The age of the stump, that is, the number of years since the cutting 
of the tree, is important. Green stumps of any kind do not burn satisfac- 
torily and should not be attempted. Stumps of fir, pine, and other coni- 
fers are in good condition for burning at three to four years of age and 
from five to ten years are usually at their best. At from ten to twenty 
years of age, rotting of the sapwood and of the heartwood where “doty” 
combined with loosening of the bark and soaking up of rotted sapwood 
and heartwood with winter rains, make the stump slightly more diffi- 
cult to bank and burn. In our trials, however, stumps thirty and more 
years of age have been successfully burned. 

An outstanding feature of this method is that it will burn successfully 
both stumps and roots that are water-soaked. In a trial at Brewster, 
where a half of the stumps were “soaking wet” clear through, they 
were successfully burned. This is possible because of the slow, creeping, 
chareoal fire employed, which dries out the wood ahead of it as it ad- 
vances. Wet roots, as long as they are above the water table and sur- 
face water is kept from running into them, will burn satisfactorily. Green 
wood, however, is a very different thing from wet wood. The station 
trials convince us that green wood will not burn satisfactorily. 

Snags, wind-falls, high-rooted stumps, surface-rooted stumps, tide- 
land stumps, hollow-hearted stumps, partly burned and partly rotted 
stumps, all have been successfully destroyed with the stump burner. 
Methods of handling these special conditions are described elsewhere. 
As long as the stump has sufficient sound wood remaining to furnish fuel 
for a good fire, the burner can be used. Stumps two-thirds rotted or 
burned away do not offer a satisfactory condition for the burner and are 
usually better removed with powder and puller. Stumps already burned 
off to the ground with most or all of the crown burned are best removed 
by ordinary means. 


SOIL CONDITIONS 


The character and condition of the soil are of great importance in the 
use of this method, since banking of the stump with earth is an essential 
part of the procedure. 

All types of soil have been used in our trials. Only the sandy type 
was found unsatisfactory. Fine sandy loams, containing sufficient clay 
and silt to hold together when shoveled wet, will do sufficiently well, but 
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any type sandier than these is likely to make an unsatisfactory bank, one 
that when heated and dry will start to run into the fire and smother it 
more or less. 


Uncertainty on this point may be dispelled by starting a good fire 
with kindling against the side of a stump. When the fire has a good hold 
on the stump, the coals should be covered with chunk wood and then slabs 
of bark placed on the outside so as to give a fairly vertical outer surface, 
against which a bank should be laid up. After several hours, the wood 
will have burned away and the bank burned thoroughly dry .and hot. 
Examination of the bank will then disclose whether it will hold up or run. 


In Western Oregon, probably ninety percent of the stump lands have 
the heavier types of soil—loams, silt loams, and clay loams. All of these 
make excellent banking soil; hence the banking problem, as far as soil 
conditions are concerned, is difficult or preventive of this method on 
limited areas only. 


In Eastern Oregon, the proportion of sandy soil is much higher, and 
the heavy vine timber stands most commonly on this type of soil. Hence 
it is probable that much of this area would not be satisfactory for bank- 
ing. Furthermore, because of limited rainfall, the soil is moist enough 
for satisfactory banking only during a short period. Pine stumps cure 
quickly in Eastern Oregon, however, are seldom rotted or water-soaked, 
usually are highly resinous; it is therefore probable that the burner may 
be used successfully on them without the need for much banking. This 
remains to be determined in later trials. 


Gravel is no injury in banking, unless so high in percentage as to 
prevent satisfactory shoveling or as not to hold together well in the 
bank when heated. 


A wet er moist soil is decidedly preferable to a dry one for satisfac- 
tory banking. A diy soil is difficult to shovel, will not make so good a 
bank, and will not stand up as well. 


NO INJURY TO SOILS 


Does this method injure the soil? Not in the least. Seven years’ use 
of this method in addition to three or four years’ study of the old char- 
pitting method have given the Experiment Station convincing proof that 
the heating of the thin layer of soil in immediate contact with the fire 
does not affect or injure the soil in the slightest degree. In fact, the bet- 
ter drainage and aeration produced and the ashes left where the stumps 


have burned out cause an increased crop growth for some years following 
the clearing. 


Fear of injury to the soil has arisen from the unquestioned damage 
that occurs when, in clearing with the usual method, deep piles of stumps 
and down stuff are collected by means of gin poles and donkey engine, or 
similar means, and the piles burned. The excessive, long-continued heat 
from the burning of these great piles bakes and clinkers the soil, damag- 
ing it to such a degree that sometimes for years it is non-productive. 


In the stump burner process, however, the thin layer of soil on the 
inner side of the bank that comes into immediate contact with the fire 
drops into the pit as the stump burns out. Mixed with ashes and other 
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unburned earth it produces a mellow, well-aerated condition. The lime 
and mineral plant-food elements contained in the ashes cause the crops 
over the areas where the stumps formerly stood to exceed in growth all 
other parts of the field. As a matter of fact, the outer portion of the 
bank never becomes heated at all and it is this portion of the bank, as 
the stump burns away, that is left on top of the pit, forming the major 
part of the remaining surface-soil cover. 


SEASON OF WORK 


The most satisfactory banking can be done when the soil is moist, 
both because the soil shovels more easily and because it forms a firmer 
bank. For this reason the stump burner is used in Western Oregon 
and Washington chiefly from October to June, during the rainy season; 
and in other sections, according to this condition. As a matter of fact, 
the stumps do not burn as well at this time, because of the wetness 
of the wood, as they do in the latter part of the summer when thoroughly 
dry; but the fact that the summer is the busy season for the farmer 
and settler and that the soil is hard to dig and bank at that time 
makes the rainy winter season the most desirable period for land-clear- 
ing work. 

The heaviest rains will not prevent successful procedure with the 
burner. All of the Experiment Station trials have been made during 
the months of November, December, January, and February, the wet- 
test months of the year in Western Oregon. A little pitchy wood and 
dry bark chips for kindling to start the first fires in the cold furnaces 
are necessary, and thereafter little difficulty is caused by rain. On low 
land, of course, the actual surface water must be prevented from run- 
ning in on the burning stump or roots. Aside from this, the fires in 
the stumps are so thorough and so well maintained by the burner that 
rainfall does not affect them or wet wood stop them. 

Dry soils, particularly of the heavier type. or where the stumps 
stand straight and only light banking is required, can be used with 
fair satisfaction as far as results are concerned, but have the objection 
already noted. In Western Oregon and Western Washineton, however, 
there are only about three months, July. August, and September, when 
the soil is too dry for the most satisfactory banking. 

Frozen ground, of course, has somewhat the same objection as dry 
ground, only in larger degree, in that it is difficult to dig and to make 
a firm, solid bank with it. 

The season that comes nearest being ideal for burning is early in 
the fall as soon as the rains have wet the soil to the denth of a foot 
or so and while stumps and roots, bark and furnace fuel are still quite 


dry. 
DETAILED PROCEDURE IN STUMP BURNING 


While the burner method is simple and easily learned, the most 
efficient procedure to follow to gain the most successful results has 
been developed through the experiment station trials, carried out under 
many different conditions, usually against the more difficult stumps 
where conditions were not ideal for burning. This procedure is described 


below. 
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Selecting the Fire Route. First, the route or direction of the fire 
through the stump should be selected. This route should be the longest 
way through the stump, generally beginning on a smooth face of the 
stump between two main roots at ground level, and pointing through 
the heart of the stump toward a heavy root extension on the opposite 
side of the stump, if there be such, so that the fire will have to go 
through the longest route possible. The shortest diameter of the stump 
should rarely be selected for the fire route. Care should be taken 
also that the point at which the fire will emerge offers a good position 
for setting the hood.> - 


Fig. 7. The firing point. Cut through the bark to bright wood at ground level. 


The Firing Point. Where the sapwood is sound and the bark tight, 
the next step is to cut away a hand-breadth of the bark at the base of 
the stump at ground level, until the bright, sound wood underneath is 
exposed. This is the firing point. Bark is resistant to fire, and it saves 
time and furnace stoking to cut through the bark to a starting point 
against the bright sound wood (Fig. 7). 

Placing Draft Pipe and Furnace. At the firing point at the base of 
the stump, the earth should be leveled with the shovel, so that the 
furnace will set firmly on the ground and snugly against the base of 
the stump. Sometimes it is necessary to use the ax a little so that 
the top of the furnace will fit snugly to the stump. On shallow-rooted 
stumps or old plowed ground the furnace should be set a little above 
the ground level. After the furnace has been fitted, it should be laid 
aside and the long draft pipe should be so aimed that the fire will 
emerge at the opposite side of the stump at ground level at the point 
where the hood is later to be placed (Fig. 8). It is important that 
the draft pipe and the base of the furnace are parallel so that the 
inner end of the pipe does not point upward and fill the aperture under 
the deflector through which later the hot coals must be crowded against 
the stump face. The end of the draft pipe should be laid against the 
bright wood at the firing point, then kindlings of pitch wood and dry 
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bark chips or the like’ should be laid over this end of the draft pipe 
and then the furnace placed over the pipe, snugly against the stump. 
A joint of stove pipe is next placed on the furnace shoulder, and the 
furnace is then banked in with earth (Fig. 9). 


Fig. 8. The long draft pipe laid pointing through the heart of the stump, 
ready for the furnace. 


Fig. 9. The furnace banked in and ready to fire and stoke. 


The banking directly over the furnace should run from twelve to 
eighteen inches up the stump. This portion of the bank, if the sur- 
face of the soil surrounding the stump is rather loose and light, should 
be made of the heavier and more compact subsoil. As the bank over 
the furnace is being laid, it should be tramped several times so that the 
furnace is tightly sealed to the stump. The fire begins at this point on 
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the stump and burns here longest, hence it is likely to burn out above 
the furnace unless well sealed in this way. 

After the furnace has been banked in, the face of the bank over the 
furnace should be carefully cut away sufficiently to prevent the earth 
coming in contact with the stove pipe, as this contact causes the pipe 
to burn out at the point touched. Ordinarily the stove pipe will last 
pretty well through the season. It holds up better if riveted. 


Stoking and Firing. After the furnace has been banked in, the draft 
pipe should be pulled back slightly so its inner end is about two inches 
from the bright wood of the stump. The kindling is then lighted and 
when well started, the furnace is filled with chunks of bark usually 
taken from the stump itself. These chunks are tossed in through the 
chimney opening and crowded back with a stick, so that the furnace 
is packed tightly to the door and to the top, with bark. The chunks 
of bark will make the best fire if packed in either edgewise or with the 
outer side of the bark down. 


Fig. 10. Fire going well and furnace door closed with earth. Fire blast from draft 
pipe now burning hole through stump. 


When the furnace has been thus stoked, one or two joints of stove- 
pipe are placed on the chimney shoulder so that a good draft is created. 
Sometimes with a high stump and the wind blowing over it, or with a 
pitchy stump, an extra joint of stovepipe is added to give good draft. 


As soon as the first stoking is burned half away, the stovepipe should 
be lifted off, the coals pushed well back (beyond the deflector) directly 
against the stump base and the furnace refilled with bark, and the chim- 
ney replaced. As soon as there is a good bed of coals in the furnace, 
usually after the second stoking, the draft door of the furnace is closed 
with about two shovels of earth (Fig. 10). 


The suction of the fire up the chimney now pulls the air through 
the long draft pipe with considerable force. The end of this pipe lying 
in the bed of coals is red hot and a blast of flame is thrown against 
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the base of the stump and a fire hole is started into the stump. Until 
this hole is well afire, it is necessary to restoke the furnace several 
times. In the station trials on wet stumps and in wet weather, it was 
found necessary to stoke or fill the furnace on the average a total 
of four times before the stump itself was sufficiently well fired to 
make further stoking unnecessary. Less stoking is necessary under 
more favorable conditions. New fires should not be started later than 
mid-afternoon. 


It was found that bark made decidedly the hottest and most lasting 
fire and was most convenient for furnace stoking. Where bark for 
fuel is not available on the tract to be burned it is usually possible 
to secure a load of bark from adjoining iand. A. few hours’ work will 
usually secure enough bark to provide furnace fuel for several weeks 
of burning. 


Advancing the Draft Pipe. As the fire advances into the stump the 
draft pipe is pushed forward so that the end of the pipe is kept from four 
to six inches back from the burning face in the stump. The condition of 
the fire at any time may be easily judged by looking through the draft 
pipe or noting the intensity of the heat from the chimney. Should the 
draft pipe become stopped up with earth or ashes, the cleaning rod 
should be used to free it, or it may be pulled out and jarred empty. 


In dry, sound stumps the fire advances from two to three inches 
per hour, while in wet or pitchy stumps it advances only one inch 
or less per hour; hence it is necessary to push the draft pipe forward 
only three or four times a day. Before pushing it forward the first 
time, a stake should be set at the outer end of the pipe so that the 
distance the fire has advanced and the time it will emerge on the opposite 
side of the stump can be more easily judged. 


In advancing the draft pipe, it is well to push it in until it touches 
the burning stump wood, and then pull it back about three or four 
inches. In this way the distance of the pipe end from the burning 
wood can be more accurately gauged. Speed in burning through the 
stump and hence maximum use of equipment are aided by advancing 
the draft pipe more frequently. The end of the draft pipe, however, 
should not average closer than four to six inches from the burning 
wood surface, as being too close tends to reduce the fire blast from 
the end of the draft pipe. On the other hand, little harm is done if 
the draft pipe is not watched closely and advanced promptly (as for 
example, when left over night), since the result is merely to burn the 
hole in the stump larger in area but not quite so fast forward. 


Placing the Hood. The station trials have shown that on the average 
three-foot stump, the fire burns through the stump to the opposite side 
in from twenty to thirty hours. As soon as the distance between the 
stake and the outer end of the draft pipe shows that the fire has burned 
nearly through, the stump should be kept under observation, so that as 
soon as the fire appears on the side opposite the furnace, the hood may 
be snugly set and fitted over the burned opening. When this is done a joint 
of pipe should be placed on the hood and the hood banked in firmly 
and sealed tightly, as was done with the furnace (Figs. 11 and 12). 
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Where it seems likely that the fire will burn through over night, 
it is often advisable to put the hood over the point on the stump ai 
which the fire is expected to emerge, put the joint of stovepipe on it 
and bank it up, so that if the fire should burn through during the night, 
it will be properly confined by the hood and not burn too large an 


Fig. 11. Hole burned through stump ready for hood. Note end of draft pipe inside. 


Fig. 12. Hood placed and ready to bank in. 


orifice in the side of the stump for the hood to cover satisfactorily. 
Where a large orifice has been burned waste wood should be used to fill 
up the fire cavity and the hood set higher on the stump on an earth 
base. 

Removing the Furnace. After the hood has been placed, the long 
draft pipe is removed and a short draft pipe laid in its place. (The 
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long draft pipe is carried away and laid in position at the next stump, 
which has already been prepared for the furnace.) The bank directly 
above the furnace is carefully removed; or better, if it appears solid 
enough to stand, it is left intact. The hot furnace is then carefully 
loosened from the bank, pulled away with the furnace hook and skid- 
ded quickly to an adjoining stump, where it is packed full at once with 
fuel, is banked in, and goes immediately into action without the necessity 
of kindling any fire (Fig. 13). 


Fig. 138. Furnace removed, short draft pipe in place, orifice ready to close and bank in. 


In the opening on the first stump, from which the furnace has been 
removed, a heavy chunk or twe of wood is pushed in endwise to fill the 
orifice. The short draft pipe is put in place, and some heavy pieces of 
bark are used to fill or cover the opening. The inner side of the bark 
should be put toward the fire. The furnace opening is then banked in, 
the bank being laid up carefully so that it will stand. The short draft 
pipe now extends threugh the bank into the stump at the place where the 
furnace stood. The remainder of the stump is then banked. The stump 
has now been converted into a stove with a draft on one side and a chim- 
ney on the other and furnishing its own fuel (Fig. 14). The result is 
inevitable. Usually within forty-eight hours after the hood has been 
placed, so great a mass of fire develops on the interior of the stump 
that the hood and short draft pipe may be removed, the hood opening 
banked in, and the stump left to finish as a char. 


Removing the Hood. As indicated, as long as the hood is left on, the 
stump is burning under draft. Just how long this drafting should 
be continued is a matter of considerable importance and not easily 
judged. Usually the tendency has been to leave the hood on too long. 
In our trials a number of stumps were burned successfully without using 
the hood at all. On some it was used only a few hours. On most it was 
used an average of forty-eight hours. 

As previously stated, the primary object of the burner is to set the 
stump thoroughly afire and produce a great mass of glowing charcoals 
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in the heart ofsthe stump. This charcoal burns very slowly, if allowed 
only such air as seeps in through the earth bank. Burning thus slowly, 
it constantly adds to its mass, extending out toward the roots and 
gradually extending into each one of them, if there are no earth ob- 
structions. This glowing mass of charcoal produces and holds an im- 
mense amount of heat, and when replenished by the fuel contained in 
the great root crown under the center of the stump, the heat and fire 
endure a long time, radiating outward towards the roots and penetrat- 
ing and drying out the wet wood, driving the fire slowly into the roots. 

It can be seen readily enough that, if the hood is left on too long, 
a considerable portion of this charcoal mass is burned away through the 
access of air from the draft pipe and the too rapid combustion thus 
permitted. The most likely result will be first, an uneven burning 
away of the top of the stump, so that the top will not settle into the 
pit evenly, and second, less certainty of thorough connection of the 
central fire with all of the roots. 


Fig. 14. The stump is now a stove with draft on one side and chimney on the other. 
A simple, natural, economical method that gets results. 


It is therefore considered advisable, once the stump is thoroughly 
afire and a great mass of coals has been produced, to remove the hood 
and short draft pipe without delay. On the sandy types of soil it is 
especially important not to draft (that is, leave the hood on) too long. 

When the hood is removed, if it is observed by probing with the 
punching rod that the bed of coals is shallow and considerably burned 
away, it is advisable to chunk the cavity well in order to replenish 
the bed of coals before closing in the bank. It is sometimes worth while, 
also, to punch down the charcoal from the roof of the cavity. 


Banking. Either after the furnace has been started, or at the latest, 
after the hood has been placed, the remainder of the stump should be 
banked in. This work is not hard, nor does it take long—seldom an 
hour on the larger stumps and much less on the average stumps. The 
work, however, should be done carefully, and there is a certain knack to 
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good banking. On the average land, which is of a heavier type, the 
surface soil surrounding the stump is used. 


Setting the shovel vertically, the soil can be taken up in unbroken 
shovelfuls and the bank laid and built up around the stump somewhat 
as a mason lays up a stone wall, each shovelful supported by those un- 
derneath, fitting snugly against the stump base, but not depending on it 
too largely for support. To accomplish this, the earth must not be thrown 
on the bank, but laid on in unbroken shovelfuls. The base of the bank 
is made several shovels wide, and each shovel of earth is laid so that 
the bank top is kept horizontal rather than sloping against the stump, 
and also so that the “joints” between shovels of earth are “broken,” 
that is, each shovel of earth overlaps and binds on the next one. Again 
each shovel of earth as it is lifted is turned over as it is placed on the 
bank and brought down with a slight slap, so that it is brought firmly 
into place and into good union with the bank underneath. 


Fig. 15. The stump has burned off and settled down. Bank has been left erect and 
segment cut away to show how a well-laid bank will stand up. 


The whole idea of banking should be to lay up a bank that will 
almost stand by itself, so that as the stump inside of it burns away, 
the bank will not fall in (Fig. 15). The fire inside the bank tends 
to bake an inner crust on the bank earth, and this helps it to stand up, 
except in a sandy type of soil, which is likely to run more or less when 
heated. 

The height of the bank rarely need be more than 24 to 30 inches 
above ground level. Only in old, low, badly rotted stumps need the 
bank extend over the top of the stump. 

The bank should not be made air tight or too thick (about 12 
inches at base and 5 inches at top), or, on soils of the heavier type, 
should not be packed, except directly over the furnace and hood and 
around the top layer, where it is sealed to the stump by firmly pres- 
sing with the foot. The slow seepage of air through a well-laid bank 
is just sufficient to supply the limited oxygen needed for charriug. 
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In all banking the soddy surface portion of the shovel of earth 
should be laid crosswise of the bank to aid in binding it together. 
The grass should not be laid directly facing the stump, especially in 
the lighter soils, as the burning away of the grass roots causes the 
bank earth to “run” more readily. 

In the lighter types of soil which do not hold together so well, 
better banking material is secured by throwing aside the surface soil 
and using the more compact and heavier subsurface or subsoil. Where, 
as in the Coast counties, there is a light, fluffy surface soil with a good 
deal of small ground grawth, such as: salal, so that it is difficult to get 
solid, unbroken shovels of earth, it is best to throw aside the surface soil 
and use the more compact subsurface soil. With these light soils the 
inner side of the bank should be tramped more or less to make the bank 
more compact. 


In “shot” soils, where the “shot? formation is so abundant as to 
cause the soils to “run” when the heat comes against the bank, it is 
advisable to tramp the inner side of the bank against the stump suf- 
ficiently to “firm” it and thus help to prevent running. Here, also, the 
firmer subsurface soil often can be used to good advantage for bank- 
ing. 

In the lighter or sandier types of soil, where a heavier subsoil is not 
available, tramping the inner side of the bank is of considerable bene- 
fit. Soils sandier than a fine sandy loam do not bank well, as they run 
when burned, thus shutting off the fire from the roots before they are 
well started. In such soils the stump-burning method cannot be used 
very satisfactorily. The proportion of such light soils on our stump 
lands, however, is very small. 


Banking Roots and Root Bridges. Where, as in the spruce in the 
Coast counties, the main roots extend well above the ground, sloping or 
bridging outward (buttressing) from the tree bole to the ground, it is 
necessary to follow in and out around the root extension in banking, fin- 
ally bringing the bank around the root extensions up to meet the main 
body of the stump. These high-rooted stumps cause a good deal of extra 
work in banking and must be watched in burning, as the bank over the 
sloping root bridges falls in readily. 


On lands where the water table is high or subsoil unfavorable or for 
other reasons the stumps are surface-rooted, sometimes running for 
some distance above ground, it is necessary, wherever the root shows, to 
bank it over with earth. Otherwise, when the fire in the root reaches the 
exposed area, it will quickly burn out. 


Confining the Fire. Confining the fire, keeping it under the earth 
bank at all times, and at all points, is an absolute essential to the success 
of this method. The primary object in this process is to produce and main- 
tain a great mass of glowing charcoals in the heart of the root crown. 
From this mass the fire radiates and creeps slowly down the roots, drying 
the wet wood ahead of it as it goes. It is this mass of coals and slow, 
creeping, smoldering fire that make this method so successful in burn- 


pe out the roots, making the land ready for the plow with little further 
effort, 
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This mass of slow-creeping fire is absolutely dependent for mainten- 
ance upon the covering provided by the earth bank which reduces the 
oxygen supply, thereby causing the formation of charcoals, instead of 
more rapid combustion which would quickly burn the interior of the 
stump away. Let the air have ready access to the fire through a broken 
or leaky bank and flames and rapid combustion ensue, the stump fuel 
burns away, and the fire dies before there is time for it to take hold and 
get well started in the root system. Flames or blue smoke appearing at 
any point are a danger signal and indicate always that the bank should 
be replenished or mended and the fire sealed in. The operator will soon 
learn to distinguish between the thin, bluish smoke which indicates rapid 
combustion and the need for bank mending, and the white, steamy smoke 
which comes normally from points in the bank as the moisture dries out, 
which need cause no concern. 


THE CHAR-PITTING END OF THE PROCESS 


Of particular importance in successful stump burning is mastery of 
the art of char-pitting for completion of the burn. With the removal of 
the hood, the next step in this method begins—the burning out of 
what remains of the stump and root by means of the char-pitting pro- 
cess. Success with char-pitting requires understanding and judgment 
and very little labor. Instructions for it are not easily given. Though 
those experienced in the old char-pitting method will have little diffi- 
culty, the beginner will need to be watchful and learn as much as possi- 
ble from the experience of others, as well as from his own experience. 


Under average conditions, four out of five stumps ‘will go through the 
charring process satisfactorily if the simple procedure outlined below is 
followed. 


The fundamental and governing principle in successful char-pitting is 
to keep the fire confined but yet. not smother it. 


After the hood has been removed and the bank closed in, the fire 
within the stump burns toward the outer edges or perimeter and no at- 
tention need be given it until flame or blue smoke appears at any point 
(Fig. 16). Usually the stump will burn through somewhat unevenly so 
the fire will reach the bank at one side before the rest of the stump peri- 
meter has burned through. When the fire meets the bank, it works up- 
ward and breaks out at the top. Earth, or preferably sod, should be 
laid on the bank at that point until the bank is built up again to cover the 
fire, care being taken not to break the bank or push much of the bank 
earth into the fire. If blue smoke appears on the side of the bank, loose 
earth may be used to thicken and close the leak. If a large portion of 
the bank falls in, the fire should be chunked through the orifice, heavy 
pieces of waste wood being pushed in until a surface is formed against 
which bark may be laid and new bank built up. 


Usually in two to four days after the hood has been removed, the en- 
tire base of the stump will have burned through and the top will settle 
down into the pit below. The added fuel replenishes the bed of coals be- 
low and aids the root fires (Fig. 17). 
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As the top of the stump settles down, it should be followed up with 
the earth cover, pushing in the hot bank earth against the wood and add- 
ing fresh earth where necessary to keep the fire confined. As the stump 
top sinks below the top of the bank, the bank should be tumbled over on it 
and enough fresh earth added to cover and close in the entire surface. This 


Fig. 16. The bank has been purposely removed to show outer edges of stump practically 
burned away, stump ready to settle down into pit. 


Fig. 17. Looking down into crater, showing top of stump settling down into pit, ready 
to follow in with bank. 


cover, however, should not be heavy or tight. It should be only four or 
five inches thick, and loose, so as to allow the fire some seepage of air. 
Too tight a cover will smother and stop the char. The hot bank soil 
makes the best cover, and usually little fresh soil will be needed. 
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Gradually the fuel, the stump top, and the root crown under the 
earth cover, burn away; and in a week or two, sometimes much longer, a 
considerable depression or pit develops over the center of the stump site, 
as the earth cover sinks in. It is important not to disturb this mound of 
earth. For several weeks the outer portion of the mound will be cold to 
the touch and it will appear as if the fire has died out. By using the 


Fig. 18. A big fellow and the man, Mr. S. F. Zysset, who invented 
the device to destroy it. 


Fig. 19. Same stump as in Fig. 18. The stump is now a stove. 


punching rod as a probe, running it down into the mound, it will be found 
usually that there is considerable heat at the center or edges, and if this 
is the case, the mound should not be disturbed. In four cases out of 
five, the roots will be burning out satisfactorily. 


32 


Occasionally, probing will show no signs of heat. Sometimes this 
means that the coals have been covered too deeply, and punching a few 
holes with the shovel handle will give needed ventilation, but usually lit- 
tle further can be done, and it is always inadvisable to dig away the 
cover to see what is happening. Some of the roots may be afire in good 
shape, and this would only disturb and risk their going out. 


Fig. 20. Same stump as in Figs. 18 and 19. The last fragment of the stump may be 
seen burning away in the center of the crater. 


Fig. 21. Done, and ready for the plow—just a low mound of earth and ashes. 


Usually, in three or four weeks, but often not for five or six weeks 
and sometimes more, the roots will have been consumed and the job is 
done. (Figs. 18, 19, 20, and 21.) 
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SPECIAL CASES 


High Cuts and Stubs. Sometimes, particularly on high-cut trees, the 
stump will burn off unevenly and roll off to one side. Where this occurs, 
it is best to throw a considerable layer of waste wood on the fire, let it 
start burning vigorously, and then cover it over with earth. The top por- 
tion of the stump that has fallen to one side usually may be easily con- 
sumed by throwing enough waste wood in the “cupped” end from time to 
time to keep it burning. 


Where the stump top burns away at one side, only a stub sticking up, 
it is important to chunk the coal bed or cavity underneath the stub and 
cover with earth, following up the remnants of the stump with earth to 
keep the fire below sealed in, so that it will follow down the roots on the 
unburned side. 


Fig. 22. Bark and rotten sapwood cut away so that the bank can be sealed to sound wood. 


Where Sapwood is Rotten. If the stump is old and sapwood rotted so 
that the bark is loose, the bark and rotten sapwood should be cut away in 
a circle around the stump in a band about a foot in ‘width at the height 
above the ground (usually twenty-four to thirty-six inches) where the 
bank is to be topped off and sealed against the stump (Fig. 22). The 
top of the bank can then be sealed tightly against the sound woed, thus 
preventing the escape of fire at this point. If the bark and rotten sap- 
wood were left at this point, the fire underneath would soon burn the sap- 
wood away and the flames would break out between the inner side of the 
bank and the stump. The free access of air thus permitted would cause 
rapid combustion of the sides and top of the stump, destroying the bed 
of coals underneath upon which the firing and burning out of the roots 
depend. 

Value of Bark: While it is essential to cut a band of bark and rotten 
wood away where the bank is to be topped off, it is equally important to 
leave the bark on the stump below this point. This lower bark holds the 
bank in place, as the fire advances from the center of the stump towards 
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the outer edge or perimeter. Bark is resistant to fire and slow to burn. 
This lower belt of bark will stand as a supporting shell or wall inside the 
bank, preventing it from falling in before the stump burns off and settles 
down into the pit. If parts of the bank fall in long before the main part 
of the stump settles down, the earth acts as a dam in cutting off the heart 
fire from the roots at that point, and is likely to prevent such roots from 
being well fired. 


Where no bark remains on the stump, the rotten sapwood should be 
cut away to the level of the ground, so that the bank all around the stump 
will be in contact with the sound wood. 


Hollow or Wind-shaken Stumps. Where the stump is hollow in the 
center and the hollow runs well down toward the root crown, this open- 
ing should be well packed at the bottom first with chunks of bark, if 
available, and then with other chunk wood, and then covered at the 
top with well-packed earth, a layer five or six inches in thickness. 
This will prevent the hollow in the stump from acting as a chimney 
and the fire emerging from the top of the stump before the base of the 
stump has been burned through. 


If the stump is cracked from wind-shake, or has a pitchy heart, 
or pitch seam extending to the top surface of the stump, a six-inch 
covering of well packed earth should be laid over the top of the stump 
to seal it shut. 


Pitchy Stumps. If the stump is especially pitchy, if will burn more 
slowly, and creosote and soot may accumulate in the stovepipe and even 
in the furnace and fire hole. In this event, it is usually sufficient to 
open the draft door of the furnace occasionally by removing the earth 
placed over it, letting the creosote burn out with the brisker draft thus 
created, and then the furnace door is closed again. Occasionally, soot and 
creosote will collect to such an extent in the furnace and fire-hole itself 
that it is necessary to use the punching rod to stir up and burn out 
this accumulation. 


Hardwoed Stumps. Hardwood stumps do not take as iong to burn 
out as do the conifers. When the furnace is removed the furnace open- 
ing often is not closed but is left open, since hardwoods need more air 
to burn well. The hood is usually left on only about ten hours. Hard- 
woods usually burn out completely in four or five days. 


Snags. The procedure with snags is the same as for other stumps. 
When they burn through they will topple over, and if of large diameter, 
may be burned in place, as described elsewhere for logs. 


Windfalls. Usually windfalls are difficult to handle through ordinary 
means because of the weight of earth they carry. The burner can 
often be used on them to good advantage. It should be set to burn 
diagonally through the upset root crown, starting in at a point in the 
trunk about two feet above the root crown. The fire route should be 
banked in, but frequently it will not be necessary to use the hood. A 
large part of the mass will be burned away and the remaining frag- 
ments much more easily handled (Figs. 23 and 24). 
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Partly Burned Stumps. Where logged-off land has been run over by 
fire several times, many stumps will have been partly burned. This makes 
them more difficult to handle with the burner, as often bark is not 
available for stoking, and the unevenly burned tops are hard to bank 
so as to bring a fire through to all of the roots. On such stumps the 
burner should be set low in order to fire the base of the stump and 


Fig. 28. Furnace set on an old windfall. 


Fig. 24. Windfall shown in Fig. 238, almost completely burned away. 


as possible. The furnace is usually started against any remaining stub 
root crown in those parts of the stump from which the top has been 
burned away. It is usually desirable to pile and pack closely large and 
small chunks of waste wood above the root crown where the stump 
top has been burned away and then bank in and cover as carefully 
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of the stump, the draft pipe being directed through the heart of the 
crown as usual, except that the furnace is kept low by digging away 
the soil where it is placed. Bark for stoking may advantageously be 
brought from adjoining land, if heavy fir bark is convenient, as bark 
is decidedly superior to anything else in heating and convenience for 
stoking. 


Water Pockets. Sometimes a partly hollow stump will contain a res- 
ervoir of water. If this is noted, it should be drained off by boring 
in from the side at the.base of the pocket with a wood auger. 

If the pocket is concealed and the water drops down on the fire when 
the bottom of the pocket is reached by the fire, putting it out, the 
furnace should be withdrawn and moved to the opposite side of the 
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Fig. 25. Old, badly rotted stumps, if low, are banked clear over the top. 


stump and a new fire started in from the opposite side, the first open- 
ing being chunked and then the hood banked in where the furnace first 
stood. 


Rotted Stumps. Stumps rotted so completely as to offer insufficient 
sound wood for a good fire should be blown out with powder, unless 
sufficient sound wood remains at the base, when sometimes by digging 
away a pit and trench and putting the furnace low, a fairly good burn 
can be made. 


Stumps badly rotted, but still burnable, usually have to be banked 
completely over the top (Fig. 25). 


Tideland Stumps. These are usuaily spruce, and often with tops 
burned away almost to the ground level. They are nearly always very 
pitchy, because of the high water table. They are often burned in 
summer when the water table is down. On such stumps successful results 
have been obtained by digging a pit for the furnace and hood and a 
trench for the draft pipe and putting the furnace below the ground 
level. The top of the root crown may be covered with waste wood 


37 


and banked in and covered over as well as possible. Tideland stumps 
not partly burned but intact are handled in the regular way and usually 
burn out exceptionally clean. 


Earth Dikes. Often a wedge or ridge of earth will extend up under- 
neath the root crown between interstices of the root sufficiently to ob- 
struct the fire blast from the furnace. When a look through the draft 
pipe shows no fire directly at the end of the pipe, although the pipe 
has been cleaned of any possible earth by use of the cleaning rod, it 
is quite likely that the draft pipe has come against an earth dike. 
Punching the draft pipe against this dike will indicate usually whether 
it is an earth dike or not and sometimes the punching will break through 


Fig. 26. Hood on four-foot pine on side hill. Furnace set at lower side, used 24 hours 
; and hood only 12 hours. 


it and the fire blast will resume its work. If not, the draft pipe may 
be deflected upward or to one side and thus burn past the dike. If 
this cannot be done, it may be necessary to remove the furnace and 
punch away the dike with the iron punching rod. When this. is done, 
the cavity should be refilled with waste wood, the furnace replaced 
and the fire started again. Occasionally it may be necessary or de- 
sirable to move the furnace to the opposite side of the stump and 
start again from that point (Figs. 26 and 27). 


PREPARATION FOR CROPPING 


After the burning is completed, and it is certain that the root fires 
have burned out, a good procedure is to take a light plow and plow 
first a shallow and then a deep furrow close around each stump to de- 
termine, where no visible signs of main roots remain, whether there 
are any that have not burned away below plow depth. Some, of course, 
will be found. These may. be removed with team and chain or loggers’ 
hooks or root plow with block and line. Where the stubs of stumps with 
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root attached remain, a fire may be built against them and banked in 
and the root burned out, or a little powder may be used to loosen them 
for pulling. 

When all seems clear, a little work with the shovel to level down any 
parts of the mound that may remain is usually all that is required. 
Where the stumps have been numerous and close together, so that the 
banking has left the ground uneven, a log or timber drag of some sort 
or a scraper may be used to level down the surface sufficiently. Then 
the ground may be plowed, dragged, disked, and dragged again until 
in condition for seeding. Oats or potatoes make an excellent first crop 
after clearing. : 


Fig. 27. Same stump as in Fig. 26. Two weeks later, earth removed to show roots 
burned out completely, three feet below ground. Note earth dikes in center. 


COST DATA 


Stump Burner Method. The investigations of the stump burner 
method made by the Experiment Station indicate clearly the reduction 
in cost of clearing big stump land by this means. Of the three cost 
trials made, one was under average conditions as to age and condi- 
tion of stumps and character of soil and two under extremely un- 
favorable conditions, which tested the limits of the possibilities of 
this method. In addition to the three cost trials fifteen other field 
tests of the method were made in as many different localities and 
conditions in Western Oregon, corroborating the findings in the main 
trials. 

In the first two trials the time and the cost were obtained (1) for 
banking and burning the stumps, (2) for finishing up for the plow. In 
the third trial a detailed record was kept of the condition of each 


stump and the labor and time required for each phase of the operation 
on each stump. 


In all of the cost data submitted below it should be clearly under- 
stood that the costs of clearing shown are for the removal of the big 
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stumps only. Surface clearing and removing the smaller stumps are 
not included. The cost of this part of the work varies from $5.00 to 
$25.00 per acre though rarely as high as the latter figure. Furthermore, 
the cost of this part of the clearing is the same whether the big stumps 
are burned or removed with powder and puller. The great reduction in 
the cost of clearing with the burner method is in the removal of the 
big stumps, which are the controlling factor in Northwest land clearing. 


Necessarily as the method was entirely new when its study was un- 
dertaken by the Experiment Station much experimenting to determine 
the best method of use was done in all of the trials. The results of the 
trials are briefly summed up below. 


Trial No. 1, Jefferson, 1915 


In this trial made in November and December, 1915, the cost was 
determined of clearing the land of 196 Douglas fir stumps, ranging 
from a minimum diameter of 20 inches to a maximum of 66 inches, 
with an average diameter of 39 inches. 


Owing to ignorance of the best methods of use, this first trial was 
largely experimental in nature and not representative or conclusive as 
to cost. Certainly every condition was extremely unfavorable to the 
successful use of the method. 


(1) The soil was a light, sandy loam very unsatisfactory for 
banking. Further, it was old plowed land, loose, and with 
no sod to help in banking. The bank “ran” or fell in and 
cut off the fire from the roots in many cases. 


(2) (a) The stumps ‘were all old, cut twenty years or more, 
badly rotted in the heart and sapwood so that all the bark 
remaining had to be removed and nearly all the stumps had 
to be banked clear over the top. (b) They were thoroughly 
soaked up with the heavy rains of November and December 
and in some cases the water table rose into the root crown 
during the trial. (c) From long plowing around them, the 
stumps nearlyall “sat high” above the ground level of the 
fields, frequently causing the furnace, through our ignor- 
ance, to be set too low on the root crown to do the best 
work. (d) Most of the stumps were surface-rooted, mak- 
ing it more difficult to drive the fire into them than if they 
had been well covered. 


(3) As stated, the best method of use of the new burner had 
not as yet been worked out and many costly mistakes were 
made in this first trial on this account. 


Only our ignorance of the best use of the new method permitted us te 
make such a poor selection for an initial trial, and only the fundamental 
soundness of the method itself made it possible to bring the trial through 
successfully. While this trial taught us many things we ought not to do, 
it also cost us heavily in the later removal of unburned roots for not hav- 


40 
ing done these things. On completion of the burner work it was found 
that: : 
On 68 stumps 85 percent of the roots were burned out. 
On 105 stumps 55 percent of the roots were burned out. 
On 23 stumps 20 percent of the roots were burned out. 
Average of 196 stumps 61 percent of the roots were burned out. 


COST OF STUMP BURNING, TRIAL NO. 1, JEFFERSON, 1915 
(196 stumps—Average diameter 39 inches) 
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. No. of Cost 
No. of stumps per 
Operation days Cost per day stump 
Cost of banking (labor at $1.50 per day).................... 18 $ 27.00 10 $0.14 
Cost of burning (labor at $1.50 per day) -..............-..- 65 97.50 3 .50 
Cost of banking and burning (labor at $1.50 per 

Ay) ne ee eS ee A ere ee Nee ae eee 83 124.50 fe 64 
Cost of removing unburned roots (labor at $1.50 per 

CS Ens Pe ae Pate ee a ee Saas e oan sete ira PaO 133 199.50 14% 1.01 
Total labor cost, ready for plow (labor at $1.50 per 

LEY) ae aaa ee ee 216 324.00 ae 1.65 
Interest and depreciation on burner equipment : 

OTIS Ge eek ee ee ae rea eases ee aera ae Ns oe 7.00 =e .04 
Two boxes of powder, caps and fuse............-...::cccccce cee 16.06 a .08 
Total cost, ready for plow (labor at $1.50 per day) $347.00 $1.77 
Total cost with labor at $2.00 per day......................-. 455.00 2.30 


Number of stumps per acre, 15. 

Cost per acre @ $2.00 per stump, $30.00. 
Market value per acre of land cleared, $90.00. 
Percentage of roots destroyed, 61 percent. 


The prevailing wages for ordinary farm labor for winter season work 
were at that time $1.50 per day, but the cost is also given with wages at 
$2.00 per day for the purpose of comparison. The farmer who would al- 
ways have at hand work that could be done in spare time, not readily 
otherwise employed, returning a compensation of $1.50 per day, would in 
normal times have no cause for complaint, particularly when the work 
brought a direct increase in the value of his land and production. 

The cost of removing the unburned roots was let by contract, but the 
actual time used is shown in the tabulation. This work was all done by 
hand with ax and shovel, fire, and a little powder. Its cost could have 
been greatly reduced by use of a team and block and line. 

No trial was made of the cost of clearing this land by ordinary means 
since extensive data on this were already available. Although the tops of 
these stumps were damaged, the roots were perfectly sound. To have 
blown them out with powder would have required an average of at least 
25 sticks per stump, or a cost for powder alone considerably in excess of 
doing the work complete with the burner. The powder cost ($2.50 per 
stump for powder, caps, and fuse) added to the labor of blasting, gather- 
ing up, piling, and burning the fragments, removing the remaining roots, 
and filling the holes, would ‘have brought the total cost to ‘double 
that of stump burning. 


Cost of Burner Equipment. If the burner equipment was used stead- 
ily during the burning season of the year, approximately eight months, 
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each unit should be able to cover at least 200 stumps. On this basis for a 
year’s work our experience has shown the following consumption or de- 
preciation of equipment. 


COST PER STUMP FOR USE OF EQUIPMENT 


(206 stumps burned per unit per year) 


Stove-pipe, five joints per umit consumed...........-...ccccccccceececceececceseeeeeeee $1.00 
Draft pipe, four feet per unit burned away....................... eee Se cetn a eN det Es 1.00 
Depreciation, 20 percent on furnace and two hoods, value $20...... eee 4.00 
Interest at 5 percent on total equipment per unit, value $30..... ee 1.50 
PRotalmprork. 200R cs tum py sie wy eee ete ye ees eee eee ee ee See eee papers ONTIASY) 


Cost of equipment per stump, $.037. 


Fig. 28. View of part of stump patch, trial No. 2. Only three roots were left to remove 
after burning was completed. 


Trial No. 2, Crabtree, 1916 


In this trial conducted during November and December, 1916, the 
costs were obtained on the removal of 97 Douglas fir stumps ranging 
from two feet to eight feet in diameter with an average of 42 inches 
(Fig. 28). 


The soil was a brown loam of good quality and quite satisfactory for 
banking, except for a period of four days during the trial when the sur- 
face soil was frozen. The stumps had been cut from ten to fifteen 
years and were in average good condition for burning. Our knowledge 
of how to use the burner had been greatly developed by the mistakes 
of the first trial. 
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COST OF STUMP BURNING, TRIAL NO. 2, CRABTREE, 1916 


(97 stumps—Average diameter 42 inches) 


No. of 
No. of stumps Cost per 

Operation days Cost perday stump 

Labor of banking and burning complete 
(labor at $1.50 per day) 32 $48.00 3 $0.50 
Cost of removing unburned roots se a 1.50 .02 
Interest and depreciation on burner equipment............ 3.88 .04 
Total cost, ready for plow (labor at $1.50 per day).... $53.38 $0.56 
Total cost, with labor at $2.00 per day.......................-.- 69.88 Bf 


Number of stumps per acre, 30. 

Cost per acre @ $0.60 per stump, $18.00. 

Market value per acre of land cleared $110.00. 

Percentage of roots destroyed, 99 percent. 

Furnace on stump Average 27.7 hrs. Range 16 to 50 hrs. 
Hood on stump = Ne Be ee es oe Average 32.7 hrs. Range 16 to 50 hrs. 
Time required for stump to burn off...................... Average 4.2 days Range 2 to 7 days 


Fig. 29. A big fellow (over 8 feet in diameter) in trial No. 2. Eight to ten dollars’ 
worth of powder would still have left much work to do to finish for the plow. 


The hood, the excessive use of which in the first trial proved a mis- 
take, in this trial was used for much less time per stump, and this fact 
is believed to account in a considerable degree for the excellent success 
in burning out the roots. 


The cost of clearing this land with powder would have been some- 
what higher than for the land in trial No. 1, as the stumps were sounder 
and heavier. It is believed the minimum average requirement would 
have been 380 sticks of powder or $3.00 per stump for powder fuse and 
caps alone. 


Except that the soil on the average stump land is somewhat heavier, 
this patch of stumps was typical of the ‘majority of our big stump lands 
on thousands of acres throughout Western Oregon. It is true that one 
might seldom get so high a degree of success in destroying all of the 
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roots as in this particular instance, but any method that will get 80 to 
90 percent of the main roots above plow depth is satisfactory. In this 
trial, after the burner work was completed, only three main lateral roots 
were struck in plowing the ground. 


Trial No. 3, Brewster, 1918 


This trial was conducted during November and December of 1918, a 
detailed cost and time study being made of 100 Douglas fir stumps rang- 
ing from 2 feet to 7 feet in diameter with an average diameter of 35 
inches. 

The conditions in this trial were very unfavorable for the most 
effective use of the burner method, but the trial was undertaken with 
a full knowledge of this fact, in order to determine as carefully as 
possible what might be considered a maximum cost under rather ex- 
treme conditions where the proper use of the method was pretty well 
understood. 


Fig. 30. Same stump as in Fig. 29. The last stub nearly burned off. Stake shows other 
edge. Not a root left when complete. Cost about $1.00. 


These stumps stood on a piece of first bottom on the Santiam river 
on a sandy loam soil underlaid at varying depths, but usually somewhat 
shallowly, with gravel, and with a high water table through the summer 


months. 


The stumps ran in age from three to twenty years and as a whole 
were quite unfavorable specimens for burner work. A careful inspection 
of them showed that 40 percent had loose bark and some rotted sapwood 
to be removed; 32 percent were rather too green for satisfactory burning; 
73 percent were “doty;” 66 percent were pitchy, making them burn some- 
what more slowly and less surely; 98 percent were deep-rooted, connect- 
ing the stump with the water table during the summer and thus causing 
a large percentage of the stumps to be either sour or wet and the roots 
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almost universally wet. In addition the weather was very wet and tended 


to slow up the work a good deal. 


COST OF STUMP BURNING, TRIAL NO. 3, BREWSTER, 1918 
(100 stumps—Average diameter 35 inches) 


Man Percentof Total Cost per 


Operation hours total cost stump 
% 

Preparing and banking Gabor, at $1.50 per day)... 213.5 35 $32.03 $0.32 
Tending furnace . 217.5 36 32.62 33 
Tending char ......... 29.5 5 4.43 .04 
Rebuilding fires 25.5 4 8.82 .04 
Othermworkue 2. Ne Pye ree nantes at eon eee 111.0 19 16.65 Hale 
Total for banking and burning 597.0 100 $89.55 $0.90 
Removing unburned roots....2..2.2...-..00-02-0000020-2--= 176.0 26.40 -26 

Develine: ground for plowinge-c. ee ee 29.0 4.35 
Leveling ground for plowing (14 horse hours)... -...... 1.40 .06 
Total labor cost, ready for plowing................-..... 802 $121.70 $1.22 
Powder, fuse and caps for removing roots............ 16.00 -16 
Interest and depreciation on equipment.................... a 4.00 .04 

Total cost, ready for the plow (labor at $1.50 

MD OY. GAY) pes eres eens ence ere ee $141.70 $1.42 
Total cost, with labor at $2.00 spersaaye. 181.80 1.82 


Number of stumps per acre, 18. 

Cost per acre at $1.50 per stump, $27.00. 
Market value per acre of land cleared, $100.00. 
Percentage — of roots destroyed, 86 _ percent. 


AVERAGE TIME REQUIREMENTS, BREWSTER TRIAL 
(100 ‘stumps) 


Range Ave. per stump 
Diametervolestumpsseers <.sen e ce eases coe nee ee Re 20) SC EG. 34.9 in. 
Here htot ms tum p sees ce eso a ee eee ce ee 2% to 9 ft. 49.1 in. 
VUPTIACE SOLES LURID iene oe eee sen erie ee eee see ee 11 to 53 hrs. 27.3 hrs. 
Total number of stokings of furnace. 2to 8 5.0 
Hood on (stump. es ee 11 to 73 hrs. 39.3 hrs. 
Time required for stump to burn off.. a 2 to 9 days 4.0 days 
Preparing “and banking vatumpe. cone ee eee ZAhyss 
Mending Pflurnace gest en eee 2oe Beas eke oes SR ete et ee 22 ALS: 
Tending char-pitting end of process. <3. NYSs 
Miscellaneous work in burning.............. L.S hrs: 
Total work of banking and burning... aS 6.0 hrs. 
Hinishinge patter burning ready for plow=sa eee 2.0 hrs. 
Totaletime; yread y> for ap lows. cece erence ee en eee : 8.0 hrs. 
Percentage of stump tops that fell off to one side of pit. = 9% 
Percentage of stumps, all roots burned out.................... ae 61% 
Percentage of stumps, roots partly burned out...... ¥ 39% 
Percentage of main laterals burned out, all stumps............0000000 00. 86% 


RATE OF BURNING AS AFFECTED BY CONDITION OF STUMPS 
(Brewster trial, 100 stumps) 


Average time 


Condition Average Average time Av’ge burned Average time stump 
of stump diameter furnace on per hour hood on burned off 
in. hrs. in. hrs. days 

Pitchy .. ee 37 38 .97 50 4.5 
Non-pitchy  ............ 32 28 1.14 34 4.6 
Sourye caren 37 33 2 47 4.8 
Curcdiaee. ee: ee 34 31 1.09 45 4.3 
Young 2. Eee 39 38 1.02 57 5.3 
OlduyeS = eee 33 30 1.10 39 4.2 
SD ot yueeecrce ve te: 35 34 1.02 44 4.6 
Sound . 38 30 1.26 51 4.6 


45 


The rate of burning varies according to the condition of the stump. 
Sound stumps are shown to burn 23 percent faster than “doty” stumps, 
and non-pitchy 17 percent faster than pitchy. Frequently a very pitchy 
stump will take twice as long to burn through. The rate was low on all 


Fig. 31. View of burners at work, trial No. 3. Very unfavorable conditions 
for burner work. 


Fig. 32. Same ground plowed and ready for crop. Total cost of clearing $25.00 per acre. 


the stumps in this trial. In a number of other tests where conditions 
were more favorable 2 inches per hour was a fairly common rate, and 
3 inches per hour was sometimes reached in Douglas fir. In spruce, par- 
ticularly, and in pine the rate is faster. 
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Cost With Powder. In order to get at the cost of clearing this land 
by ordinary means, 10 stumps scattered through the field where the 
stump burning was done were selected as typical and representative in 
every way of those burned. Expert powder men were selected to do the 
work and they did it well. The cost is shown below. 


COST OF BLASTING OUT STUMPS, BREWSTER TRIAL 


Total Cost per 


Range Ave. Man. hrs. cost stump 
in. in. 
IDiameteriotees tum DS ae ee aCOMOT: 85.8 cee UP ek 
Height sof estumpss-..2 2 ee ee 39 to 90 51.0 saw a 8 ae 
Number of sticks of powder................ 15 to 80 26.5 bee $26.50* $2.65 
Kabor of blasting sat: 30e “per br... ee ee eee 18 5.40 .54 
Taking out roots and filling holes @ 15¢ per hour................ 45 6.75 -68 
Taking out roots and filling holes, 30 horse hours @ 7%4c 
j 8Toi Pum OCT aly rate RO aa Rane ha ee Nene eee nN Pans mR. Shwe ee: Co eae Whey pee vee 2.25. Bee 
Piling weevil DULL INIT Sieh AS Le Us eee meena 10 1.50 15 


Total cost,” ready, for’ plow: -S¢...ce.2. acc So ee $42.40 $4.24 


*80 sticks of powder per 50 lb. box at $8.00 per box, including caps and fuse. 


Other Tests. In addition to the three cost trials reported above, 15 
other field tests of the method have been made, all under the supervision 
of the writer with the exception of the one in Lincoln county, as follows: 
Benton county, 2; Linn county, 3; Lincoln county, 1; Clackamas county, 
1; Washington county, 1; Columbia county, 3; Clatsop county, 1; Mult- 
nomah county, 1; Lane county, 2. 


In these tests Douglas fir, western yellow pine, spruce, and oak were 
burned; the diameters of the stumps ranged from 11% feet to 12 feet; 
age 5 years to 35 years; soil, fine sandy loam, loam, silt loam, and clay 
loam, on river bottom, tideland, valley floor, and red upland. 


In every case the burner demonstrated its economy and efficiency 
in burning out stumps and roots following the methods described herein. 
Repeatedly it was shown that on the average Douglas fir stump, one man 
with 4 burner units could average 3 stumps per day, and this is a pretty 
good rough measure of cost. Only on spruce or under very unfavorable 
conditions with fir would this average not hold true. On pine and oak 
the work was faster, as the diameters were smaller, less banking was 
required, the furnace required less time, and the hood did not need to 
be kept on nearly so long as in case of fir. With 5 burner units the 
writer believes a good worker conversant with the method, working on 
the average fir stump under reasonably favorable ‘conditions, might be 
able to average 4 stumps per day. 
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SUMMARY OF COST DATA 


Trial Trial Trial 
No. 1 No. 2 No. 3 
Number of stumps............... 2 Ee a re Se SSE 196 97 100 
Range in diameter, inches... pGPravenssenscs. 20-66 24-96 24-84 
Average diameter, inches... Sees fe RITE 39 42 35 
Condition of stumps and soii.. oe eee ee Vervapad Good Bad 
Average percentage of roots burned out... 2p eee 61 99 86 
Labor cost per stump of banking and burning. R .64 .50 -90 
Labor cost per stump of removing unburned roots 1.01 .02 32 
Powder cost per stump of removing unburned roots .08 .00 16 
Cost per stump for use of equipment................. .04 .04 .04 
Total cost per stump, ready for plowing... ibe 56 1.42 
Total cost with labor at $2.00 per day......... =n 2.00 U2 1.82 
Estimated cost of removing these stumps without 
burner, tor powder only2.- ce ees ie 2.50 3.00 2.65 
Actual total cost with powder, complete for 
ISMONGAUONEAT® eas Bbaee Naser easel eceee ch RMR ence Pa ea eae CDi sree re Sac 4.25 
Approximate number of stumps per acre... 15 30 18 
Cost per acre of clearing with stump burner............ 26.55 16.80 25.56 
Estimated market value per acre of land cleared... 90.00 110.00 100.00 


SUMMARY OF TIME DATA 


Average number of hours per stump for furnace....... DAT 21.3 
EVE IAe NEO ULI Mmecre Seat cee cae aes mee eee é 16-50 11-53 
Average number of hours per stump for hood... ae 32.7 39.3 
PU ArrsrO vee OU eens ee en ee ee ee oe 8-63 11-73 
Average number of days for stump ‘to ‘burn “off 

ANGUS CUTS Ferree ste scene reese en nec cans Peta eee 2 4.2 4.0 
Range, days ....... Wena SOE neers EE Ne anon ie at 2-7 2-9 


ADVANTAGES OF THE STUMP BURNER METHOD 


Outstanding features of this new method may be briefly summarized 
as follows: 


Lessened Cest. It reduces cost of clearing big stump land 50 percent 
or more as compared with present, methods, making it possible to clear 
logged-off land at a cost at which it can compete in the open market 
with similar lands already cleared. With labor at 20c an hour, the 
average big stump costs from $0.75 to $2.00 to complete the job ready 
for the plow. 


Easier Work. It greatly reduces the laborious character of land- 
clearing work. Land clearing with present methods is probably the 
most back-breaking, heart-breaking, and hence unattractive work that 
the man on the land undertakes. The hardest work in this method is 
shoveling the bank (a short, light task compared with the old grub hoe 
work), and banking usually requires less than one-third of the total 
labor expended in the stump burning process. 


Less Work. It leaves the ground in very satisfactory condition for 
plowing and cropping. There are no holes to fill, no stumps to pile and 
burn. The earth bank and ashes fill the stump cavity, leaving the 
ground nearly level. The stump and roots are burned in place. 


No Soil Damage. It does not injure the soil, but improves its condi- 
tion and crop productive power. 


Uses Cheaper Labor. It is especially well adapted to Pacific Slope 
seasons. The burner can be used as soon as the soil gets wet in October, 
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throughout the winter, and until the soil gets too dry to bank in June. 
During this period hired labor is cheapest and the farmer himself has 
most time available for land-clearing work. 


Fits the Settler’s Labor Program. The burner fits in with farm and 
other work. A battery of four burners will keep one man busy full 
time, but two burners may be used if desired so that only a few hours 
daily or at odd times may be expended, thus fitting in with winter chores 
and winter farm work. 


Practical. It is a simple and natural process without complexities, 
easily learned and applied, requiring only a little patience and study to 
master. 


No Expensive Equipment. It requires only a simple, inexpensive 
appliance that may be used hundreds of times and then sold to a neigh- 
bor at little less than original cost. 


Adds Interest. The use of fire is interesting to most men. The 
burner puts fire and wits against the stump instead of costly powder, 
tedious pulling, and sweat and endurance with a grub hoe. 


Reduces Cash Outlay. The usual method requires heavy cash out- 
’ lay for purchase of powder, where the burner method requires only a 
small investment and spare-time labor. 


PART II. PRELIMINARY STEPS IN LAND CLEARING 
OTHER METHODS OF BURNING STUMPS 


' Value of the Land. Obviously prior to any clearing most careful 
consideration must be given, first, to the probable value of the land 
when cleared—its possible and most profitable use as affected by its loca- 
tion with reference to market, community advantages, etc.—its pro- 
ductive capacity as affected by soil, elevation, topography, climatic con- 
ditions, etc. A volume might be written on trees, brush, and other plants 
as indicators of soil fertility. Large trees do not always indicate a fertile 
soil. Usually density or heaviness of growth is a better guide than 
size of individuals, or than species, although species tell much. The 
best guide is the county agent, or agricultural college authorities. Sec- 
ond, must be considered the cost of clearing as affected by many different 
conditions and comparison of cost with market value of similar land 
already cleared. It is by no means wise to buy stump land just because 
it is cheap unless one is sure that, including the cost of clearing, in labor, 
time, and cash outlay, its total cost will be less than that of similar land 
already cleared. 


Pasture and Forest Land. Thousands of acres of rolling land west 
of the Cascades too steep for profitable tillage but contiguous to good 
farm land may be profitably reclaimed for pasture, yet do not justify the 
removal of the stumps. Surface clearing (that is, slashing and burning 
of brush, making up of the marketable wood, and piling and burning of 
the dead and “down” stuff), followed by a seeding to grass, fencing into 
sections for rotation of pasture, and “stocking up,” would convert this 
land into profitable pastures. 
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A still larger area of hill and mountain land too rough or isolated 
for profitable grazing should go back into timber production. It is the 
hope and dream of every forward-looking citizen that, with state and 
private owners cooperating, a feasible policy of practical reforestation 
will be worked out and put into effect before this natural resource of 
the state is further depleted. 


Aging of Stumps. There can be no question that the aging of the 
stump has a vital relation to economy of clearing. Green stumps of any 
kind are not burned successfully with the stump burner, nor can they 
be removed by ordinary means (powder and puller) without greatly 
increasing cost. 

Under the climatic conditions west of the Cascades nearly complete 
rotting of hardwood tops and roots, if sprouting has been prevented, 
usually occurs in six to ten years, while in three to four years the 
smaller roots have rotted sufficiently to reduce greatly the cost of pulling 
and removal of earth from the roots, yet the tops are still sound for the 
choker. At two to three years of age the large hardwood stumps are 
sufficiently cured for satisfactory burning. 

In conifers (firs, spruce, etc.) the stump is sufficiently cured to burn 
well four to five years after cutting, and from five to fifteen is usually 
in ideal condition to burn and from five to ten years of age in best 
condition for powder and pullers. Beyond ten years little is gained for 
use of powder and puiler as the smaller stump tops are getting unsound 
for the choker and in the larger stumps the main roots still persist, 
little affected sometimes for a period of thirty or forty years, or longer. 


Slashing and Burning. Slashing the stump land clean is a necessary 
preliminary to removing the stumps. If slashing is done immediately 
after logging a great deal of work is saved. Usually before the clearing 
stage is reached plenty of small growth has developed. If this is heavy 
it should be slashed to lie all in the same direction in order to maintain 
the best possible contact for firing. If this surface growth is thin it 
should be piled in windrows for good contact, the windrows being made 
parallel with the prevailing wind. The brush should be thrown in from 
the margin to leave a clean fire lane for necessary fire protection. 


For hardwoods and other deciduous growth it is best to slash in 
full leaf, in spring’ or early summer, in order to reduce sprouting later. 
Hardwoods should be cut two to three feet from the ground to reduce 
root sprouting and also to facilitate pulling. Where the stump burner is 
to be used the large snags and dead trees need not be cut off unless it is 
necessary to reduce danger of fire spreading from the burning tops. 
Large logs or stumps rotted clear through, should be broken up so 
that they will dry out during the summer prior to setting the slashing 
afire. Sometimes it is possible to pile small “down” stuff so that it will 
have good contact and burn out when the slashing is fired. 

It is decidedly better not to pile stuff over the large stumps, as 
they are more easily handled afterwards with the burner or with powder, 
if not partly burned away previously, but left with bark and bole intact. 
Nothing puts a stump in worse condition to handle than surface fires that 
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burn away the larger portion of the top, making it necessary to remove 
each root individually. 


Very large logs may be burned in place by splitting them horizontally 
with powder and piling small stuff at intervals to start the log afire. 
Splitting a large log for burning in place is easily done by boring a 
hole horizontally in line with the center of the log every 8 or 10 feet 
and charging with one-half to one stick of stumping powder, or better 
yet using a splitting gun and one-quarter to half a pound of black 
powder. The horizontal, splitting of the log makes a chimney for the 
fire so that the log will burn from the inside out and thus keep afire and 
burn out quite completely. 


The cleanest burn is usually obtained by firing in September. A fire 
permit should be secured and every precaution taken to avoid fire spread- 
ing to adjoining land. 


Some men prefer to set fire to the slashing on a rather windy day, 
but where the slashing is heavy and thoroughly dried out, a quiet day, 
preferably very early in the morning or at night when there is the least 
wind, is a safer time to start. With no wind fire may be set on two sides. 
Wind not only increases the danger of the fire spreading but often pre- 
vents a clean burn unless the slashing is thin and has not been wind- 
rowed. On heavier slashings it is usually better, if there is any wind, 
to burn against the wind to secure the cleanest burn and greatest safety. 


For the benefit of our future forests it is well to remember that land 
that is to be reforested is best burned in the spring directly after logging 
to avoid destroying the seeds from which the new forest comes. 


Seeding. On land with green stumps or any other land that is not 
to be cleared immediately, grass seed should be sown in the ashes as 
soon as they are cool and before the first rains. Ashes make an ideal 
seed bed for grass as the first rain covers the seeds. An excellent mix- 
ture for Western Oregon is 10 pounds of perennial rye grass, 5 pounds 
of orchard grass, and % pound of white clover seed per acre. Sometimes 
a little timothy and alsike seed is added to this mixture. A chest or 
tube seeder facilitates uniform spreading of the seeds. 


It is highly important not to pasture such seedings the first year 
but let the grass get well rooted and go to seed. If the land is pastured 
the first year stock should be kept off at least during the spring until 
the grass roots get well set. 


Following a very heavy burn with plenty of ashes it is possible to 
get good results on the better types of land by broadcasting vetch and 
wheat, particularly if the land is soon to be cleared and grass not desired. 
Such seeding can be pastured with cattle, hogs, or sheep. 


On land with little or no brush, a heavy growth of fern burned in 
September and seeded in the light ash will frequently give a good stand 
of grass. On stump lands without either brush or fern ash where the 
surface has been sufficiently cleared it is sometimes possible to disk or 


spring-tooth sufficiently to make a fairly satisfactory seed bed for sowing 
grass in the fall. 
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On seedlings where there is considerable deciduous and hardwood ° 
growth the pasture is ‘first used by cattle and goats and then by sheep 
and goats. On logged-off land where there is little deciduous growth 
the pasture is used first by cattle, then sheep, and then by goats. Graz- 
ing is continued for three to five years, and the land is then ready for 
clearing. 


Goating. A volume might be written on this subject, but a few sug- 
gestions must suffice. On newly slashed hardwood land nothing equals 
the goat for quickly destroying sprouts and thus the vitality of the 
stump. It is important to kill such growth immediately or in a few 
years the land is harder to clear than in, the beginning. 


If oak is cut two to three feet above the ground the sprouts are 
more likely to start from the stump instead of from the roots, and stump 
sprouts are much more easily destroyed than root sprouts. 


Fig. 33. An indispensable and efficient aid for destroying brush growth. Some of 
Mr. Zysset’s pure breds. 


It is often claimed that goats will not destroy certain kinds of brush 
such as willows, hazel brush, dogwood, etc. It is true goats will not 
destroy brush that is too high for them to reach. Tall brush should be 
slashed ahead of the goats to a height they can reach. It is also true that 
goats have preferences in brush, and if there are not enough goats for 
the acreage they will destroy only that which they like best. Goats also 
like grass and if there is plenty of grass they will not do much with the 
brush. Hardwood land to be goated should either not be seeded or the 
grass pastured off first with cattle or sheep. Poison-oak and madrone 
are generally considered to be the brush that goats like least. Goats, 
if properly handled, will destroy nearly all other deciduous growth in 
two years. : 

An important requirement for success is to use enough goats. From 
four to five goats per acre on fairly heavy growth are not too many. On 
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‘large areas it is also important to fence the land in sections, con- 
centrating the goats on each section for a short time until browsed clean, 
then moving them to a new section and then back again to the first sec- 
tion. In this way the browse is kept fresh for the goats and thus more 
quickly destroyed. Where properly handled, the writer has seen goats 
do almost perfect work repeatedly. 


Surface Clearing. This term may be applied to clearing away the 
surface debris either before or after the slashing and burning is done. 
It may be done partly .prior to burning and the remainder afterward. 
If in the burner method only two burner units are used, the time not used 
in tending the burners may be expended in surface clearing. The chief 
operation in surface clearing is the piling and burning of logs. 


Piling. Some sawing of long sticks of small diameter is necessary 
so that they may be handled. Piling in small piles fairly high with 
sticks lying parallel, six to ten logs, is cheaper and better than piling in 
large heaps with the gin pole. Small piles damage the soil much less in 
burning and can be more easily tended when they “cup out.” Logs and 
stumps should always be piled separately to get the best results. On 
small stump land handled with the puller the cost of disposing of the 
stumps is a considerable item. The Conrath piler much used in Wiscon- 
sin is one of the best devices for piling stumps. 


In piling small logs that cannot be readily handled with the peavy, 
a chain or half-inch wire cable 20 to 30 feet long and two timber skids 
may be used with satisfaction. The pile is built by passing the cable 
end under the log to be moved and hooking it into the log that is the 
center piece of the pile. With this “rolling hitch” the logs are rolled 
up until the base, consisting of four or five logs lying parallel and close. 
together, is formed. On the five base logs four more logs are piled, 
then three, then two, and then one on top, the skids being used to roll 
the logs up on the pile as it grows higher. Two men and a team can 
often surface clear as much as an, acre a day of fairly heavy stuff this 
way. 

Very large logs may best be burned in place as already described, 
starting the splitting and fire at one end. 


PULLING STUMPS 


A stump puller equipment of some sort is an essential part of the 
work of clearing land, no matter what other methods may be used in 
conjunction with it. Where the stump burner is used for the big stumps, 
a puller device of some kind, supplemented with small amounts of pow- 
der, is used on the stumps less than two feet in diameter. Discussion 
of methods of pulling stumps can not be given here, and only a brief 
statement can be made regarding the various common pulling devices. 
Our experience has shown that the smaller stumps can be pulled efficient- 
ly and economically by any- of several different devices supplemented 
with a limited amount of powder. For average conditions and means, 
perhaps the best devices are logger’s hooks, root plow and block and 
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line or the two-horse capstan puller or the recently invented engine- 
operated capstan puller. 


The Donkey Engine. A great deal of land has been cleared in the 
Northwest with the donkey engine (combined with powder, of course). 
While this method gets fairly rapid action, material objections have been 
found to its use. 

First, it requires a capital investment beyond the reach of the men 
who do most of our land clearing. A good donkey outfit costs $4,000 
or better, though sometimes a good second-hand gear can be had for less. 

Second, it does not reduce the cost of clearing sufficiently to be eco- 
nomical; i. e., to clear land at a cost less,than the market value of the 
land when cleared. For this reason, organized community effort with a 
donkey outfit will not necessarily solve the land-clearing problem. 

Third, the operation of such an outfit is by no means simple and 
requires skilled and experienced labor. 


Fig. 34. This heavy outfit plowed out the brush in the background, 
up to three inches in diameter. 


Fourth, this method does not get rid of all of the roots, nor fill the 
holes, and hence leaves much hand and team work to do, 

Fifth, burning of the huge piles of stumps and logs laid up with 
the donkey outfit damages the soil. 


Hand Pullers. The antithesis of the donkey puller, the hand puller, 
does good work and requires only a small investment, but it is slow and 
very laborious, in fact a real “man killer.” 


The Tripod Puller. The tripod puller is a powerful and effective 
vertical-lift puller fairly satisfactory on light stands and light soils, 
but slow and cumbersome to set up and move about. 


The Farm Tractor. The farm tractor does fairly good work on light 
stuff, and where the farmer owns one it may be used to advantage, but 
can not be considered satisfactory equipment for regular land-clearing 
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work. The larger tractors are used successfully for plowing out brush 
up to 8 inches in diameter, a heavy grub breaker with 24-inch share and 
high clearance being used (Fig. 34). 


Block and Line. One of the best methods for the man of limited 
means is the block and line. Double- and triple-power pulleys may be 
used. Powder is a necessary supplement. 


The Horse Capstan Puller. This is a standard and efficient pulling 
equipment. With loggers’ hooks, root plow, good take-up device for the 
cable, good chokers and a power pulley, supplemented with powder (for 
loosening the stump, shaking off the earth or cracking it), the capstan 
puller, horse operated, is an efficient and economical method of handling 
the smaller stumps, although somewhat slow and tedious. In pulling 
with the capstan, the size of the stump or part pulled should not be 
larger than a team can handle afterwards in dragging off and piling. 


Fig. 35. The gas-engine-operated puller, efficient and labor saving on the smaller stumps. 


Usually a size that can be pulled with a %-inch wire cable is about as 
large as can afterward be handled by the team. A %-inch cable with a 
capstan permits a 20,000-pound pull, and this is about as large as or- 
dinarily should be used. 


The Gas Engine Capstan Puller. This device in its improved form, 
invented by an Oregon man, has been used extensively in our experiment 
station work. 


An ordinary 6-horse-power stationary farm engine is connected by 
gears to a capstan, all being mounted on skids so that the puller may be 
easily moved about. The puller operates at two speeds for light and 
heavy pulls. It does the work somewhat more rapidly and economically 
than the horse-operated capstan, with somewhat less danger of accident, 
and is decidedly less tedious (Fig. 35). 
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Powder is a most valuable and indispensable adjunct and necessity 
in all land-clearing work as a supplement to the puller in handling 
stumps up to 24 inches in diameter or thereabouts. Its most advan- 
tageous use is in loosening the stump and shaking off the earth, splitting 
stumps for the puller, removing stubs or heavy fragments of roots, 


Fig. 36. A big fellow and a box of powder in action in trial No. 3. 


Fig. 37. Same stump as in Fig. 36. Hight dollars’ worth of powder used and plenty 
of action stili needed. 

splitting logs, etc. Almost universal experience throughout the coun- 

try has shown that the 20 percent powder is the best strength, except 

perhaps on very sandy or gravelly land. Powder is not chemically in- 

jurious to the soil, but frequently throws a good deal of undesirable 

subsoil on to the surface. 
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Powder is not dangerous if its use is understood. Where stumps 
are thick and divided charges may be used advantageously, however, 
the employment of an electric firing device reduces the amount of pow- 
der and labor required, somewhat decreases the total cost of clearing, 
and greatly increases safety. Nine out of ten powder accidents in land 
clearing are due to the use of cap and fuse. 


No accurate rule can be stated as to the amount of powder to use 
that will fit the needs of any given case. Two general rules sometimes 
given may be of some guidance to the beginner. 


(1) The number of pounds of powder required to shoot a stump 
clear of the ground is the same as the square of the diameter of the 
stump in feet, (Ex. 2 ft. diameter—4 pounds of powder, 6 ft—36 pounds, 
etc.) 


(2) The number of sticks of powder required to blow large stumps 
clear of the ground (under most conditions in the Northwest) is the 
same as the diameter of the stump in inches. 


Neither of these rules is satisfactory for small stumps. 


(3) For cracking stumps ready for the puller use % to % the 
amounts specified above. 


THE USE OF CHEMICALS 


Inquiry regarding the use of chemicals in destroying stumps is so 
frequent, and hope that an easy way may be found in this direction is 
so common, that it may be well to state here that no method of destroy- 
ing or even aiding in the destruction of stumps through the use of 
chemicals of any kind has yet been found. The mere physical mass of 
the stump and its roots is so great that the cost of any sufficiently 
effective agent would probably be too great, entirely aside from the 
possible injurious effect on the soil. 


The most common inquiry is regarding the use of saltpeter, salt- 
peter and kerosene, etc. This has been tried repeatedly and found of no 
value. Some, no doubt, have been misled in this because a stump already 
in excellent condition to burn without treatment of any kind, has been 
charged with saltpeter and then burned successfully. 


The use of stumps for by-products through distillation has been 
studied extensively and is still under investigation. Something helpful 
in reducing the cost of land-clearing may eventually result, but under 
Northwest conditions the procedure has not been found feasible as yet. 


THE CHAR-PITTING METHOD 


As frequent inquiries are received regarding the old char-pitting 
process, a brief statement regarding the procedure followed and a com- 
parison with the stump-burner method seems desirable here. 


Since the stump-burner method is a modified char-pitting process all 
that has been stated regarding kinds and conditions of stumps, character 


of soil, procedure in banking, etc., applies to the old char-pitting method 
as well. 


a, 


Procedure. In regular char-pitting the usual procedure is te remove 
the bark around the base of the stump about one foot in height, then 
encircle the stump with several layers of kindling, consisting of sixteen- 
inch wood, split to stove-wood size, and mixed with some bark. This 
kindling is laid against the stump, upright but overlapping and slanting 


Fig. 38. Showing placing of fire wood in the regular char-pitting process. Ready to bank. 


Fig. 39. Banked in and fired. Roots were completely burned out, but the process is not 
as easy to learn as might appear, nor as efficient as the stump burner. 


in the direction the fire is to run, so that the fire will be led from the 
starting point as easily and as rapidly as possible around the stump 
(Figs. 38 and 39). Two layers of the kindling wood, or somewhat less, 
are used. The wood is then banked over with earth, the bank being kept 
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about four to six inches in thickness, and sealed to the stump at the top 
following the same procedure in banking as described for the stump- 
burner method except that the bank is made somewhat less thick and 
less compact, to permit better ventilation. 


An opening about a foot wide is left in the bank in the windward 
side. Here some pitch wood and fine kindling is used to start the fire. 
Sometimes in wet weather a handful of ashes saturated with coal oil or 
fuel oil mixed with sawdust, is used to start the fire. As soon as the 
fire is started briskly it starts to encircle the kindling under the bank 
of earth and usually in-half an hour or so the opening in the bank where 
the fire has been kindled may be closed over with a slab of bark and 
banked in. In this way the stump is slowly set afire on the outside, 
and thereafter the chief requirement is care to keep the fire banked in. 
Usually the best results are secured in the summer when the stump and 
wood are dry, although banking is more difficult at that time. 


Another method of char-pitting in many ways preferable to the 
foregoing, is what may be called side-pitting. Instead of laying kindling 
and firing all around the stump, a pit is dug at an interval between two 
main roots, a foot or more below ground level. The bark is cut away at 
this firing point and fire started in the pit. This is then covered over 
and maintained until the stump is afire at this point and then the stump 
is banked in, 


Comparison of Char-pitting and Stump-Burner Method. The chief 
difference between the two methods is: (1) the method of setting fire to 
the stump, and (2) the character and effectiveness of the fire produced. 
In these two respects the difference in favor of the stump burner method 
is so great as to put it in a class by itself. 


As has been stated heretofore a very great difficulty in the old char- 
pitting process was that of learning how to start the fire successfully, 
causing most beginners to discard the method entirely, and even to the 
experienced operator always a source of more or less difficulty, especially 
in wet weather and with wet stumps. With the stump burner method, on 
the other hand, starting the fire is easy and certain, regardless of the 
weather or condition of the stump. 


The difference in the character of the fire produced by the two 
methods is almost as pronounced as the difference in the methods of 
starting the fire. In char-pitting the fire burning from the outside of 
the stump, burns away the connection between the stump and the roots 
and between the stump and the bank, at the very outset. Thus some 
roots are not thoroughly fired and do not burn out, and further the bank 
is left unsupported by the stump and falls in more readily and increases 
the difficulty of either producing or maintaining a thorough firing of the 
stump, and usually cutting off the central fire from the roots. With the 
stump burner, on the other hand, the heart of the stump is fired first and 
from this point the fire gradually burns outward to the perimeter of the 
stump leaving the bank undisturbed until the whole stump sinks in, and 
maintaining permanent connection between the central fire and the fires 
proceeding down the roots. The result of this difference in the character 
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of the fire produced is that where char-pitting will burn out fifty percent 
of the roots, under the same conditions the stump burner will burn out 
eighty percent or better. 


OTHER METHODS OF BURNING STUMPS 


Open Burning. Occasionally a stump thoroughly dry, pitchy and in 
ideal condition to burn may be burned out fairly well or even completely 
by piling waste wood on it and firing. Very seldom, however, will all of 
the roots burn out, and only rarely are stumps found that will burn out 
any portion of the roots this way. Open burning, therefore, that is, 
burning without banking, however the fire may be started, fails to give 
satisfaction in burning out roots. 


Splitting and Burning. Enough powder is placed under the stump 
to crack it and make a cavity underneath, which is filled with wood and 
fired. This method is better than the preceding method but also fails 
to burn out the roots satisfactorily. 


Trenching and Cracking. This method is used with fair success on 
pine. A narrow trench, eight or ten inches deep, is dug around the 
stump, and from the bottom of the trench a hole is bored, downward to 
the heart of the stump and charged with a stick of powder, which cracks 
the stump. A fire is then started with kindling in the trench. One oper- 
ator was observed using this method, who after the fire was well started 
covered the whole stump with wet, rotted straw, which tended to confine 
the fire and thus burn out the roots more effectively. 


One-Hole and Two-Hole Methods. This method is used chiefly on 
pine. A hole about thirty inches deep is dug on one side of the stump, 
the earth being cleaned away from the tap root, and in this hole a fire 
is set. Sometimes a second hole is dug on the opposite side and a con- 
nection between the two punched through, fire being set in both holes. 


Boring and Burning. A number of boring and burning methods have 
been tested and used more or less. The boring is done by means of 
hand augers, augers mounted on a frame work and operated by cranks, 
augers mounted and operated by gas engines, and double augers mounted 
to bore vertically and horizontally at the same time. One method used 
with considerable success on pine is to dig a pit twenty inches in depth 
on one side of the stump, then from a point slightly below ground level 
on the opposite side of the stump bore a hole slanting down into the 
bottom of the pit, where a fire is then started. 

Under this head are found also many variations of what is some- 
times called the intersecting hole method. One of the most common and 
best of these is to bore a slanting 1%4-inch hole into the stump about 
18 inches, starting about 18 inches below ground level. Then a vent hole 
from ground level and at right angles is bored to meet the inner end of 
the first hole. The first hole is then fired with a hot iron, and when well 
afire a 1%4-inch pipe is inserted and used as a draft pipe. In all of these 
intersecting hole methods, however, setting a stump afire is by no means 
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easy, particularly where the stump is soaked up and the weather wet. 
Furthermore, as in all burning methods, unless the stump is banked in, 
only a percentage of the roots will be burned out. 


Decapitation Method. This is one of the best of the burning meth- 
ods and has been given considerable study by the Idaho Experiment 
Station. A stump is sawed off as close to ground level as possible. The 
upper part of the stump is then lifted up enough to insert stones around 
the edge so that there is a distance of two to four inches between the 
base and upper part.of the stump. Fire is then started in this space, 
usually in the summer.~ The two burning faces radiate their heat against 
each other and thus aid in burning out the root crown. The stump 
may be banked in and thus greatly increase the effectiveness in burning 
out the roots. 


Air Blast Method. An engine-operated fan sending an air blast 
through piping to the stump to force the fire down into the stump 
and roots has been extensively tested. It has not been found to burn out 
the roots very satisfactorily, and a considerable expense for the equip- 
ment and its operation and the attention required have made the method 
impracticable. 


Hood Burning. It is claimed that something more than twenty 
patents for different sorts of devices for hooding and burning stumps 
have been issued. Usually the idea is to cover the stump completely with 
a hood made of sheet-iron or other material. The stump being fired, the 
draft and chimney of the hood permit it to be burned out pretty com- 
pletely, if it is dry and in fairly good condition. The difficulty in this 
method is that it does not burn out the roots; furthermore, the de- 
structibility of the hood, the difficulty of moving it and setting it up, the 
cost of the hood and the number required, the difficulty of covering the 
larger stumps, and the slowness and labor cost of the whole proceedure 
make this method impracticable. 
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SUMMARY TABLE 


Ground barley is the principal hog feed for Oregon, and therefore the other 


feeds are compared with it. 


Shorts, for example, is given the value of 90, which 


means that 100 pounds of shorts has the same feeding value as 90 pounds of 


barley. ’ 
GRAIN AND MILL FEEDS 
How used. (The relative values 
Relative given apply only when feeds 
Feed value are used as indicated) 
Barley—croutd) ccd 100 As the chief grain ration 
Barley—whole ; As the chief grain ration 
Wheat—ground As the chief grain ration 
Wheat—whole As the chief grain ration 
Corn—ground As the chief grain ration 
Corn—whole As the chief grain ration 


Oats—ground 
Oats—whole 

Middlings 
Middlings 


Not over 1/3 of grain ration 

Not advisable 

For sows and young pigs 

For fattening hogs (not over 1/3 of 
ration) 

For sows and young pigs 

For older hogs (not over 1/3 of 
ration) 

Varies greatly 

For maintenance only (contains too 
much fiber for fattening) 

Not over 1/4 of the ration 


SUPPLEMENTAL FEEDS 


Skim milk or buttermilk 0000000... 33 
Skim milk or buttermilk 0 12 
Tankage (60 percent): _20o.....-.c.ccccccesesecece-o-0- 300 
Oi mealies. ee no ee el 150 
Soy, beanwmeallt rnc Mo eed, ee 190 


Not more than 3 Ibs. of milk with 
1 Ib. of grain 

In unlimited amounts (not advis- 
able) 

5 to 10 percent to balance the 
ration 

10 to 20 percent to balance the 
ration 

8 to 15 percent to balance the ration 

Dangerous for pigs 


SUCCULENT FEEDS 


Potatoes raw ........ 
*Potatoes cooked _... 
Mangels or turnips . 
Rutabagas 

Sugar beets 
Silage 


Not 
Not 
Not 


2 Ibs. to 
4 Ibs. 
3 Ibs. to 
over 3 lbs. to 
over 4 lbs. to 
suitable to 


over 
over 
over 


. grain 
. grain 
- grain 
- grain 
1 Ib. grain 
pig feeding 


ROUGHAGE 
Alfalfa hay, chopped alfalfa, 
qotgalfalfas mea! me one en eee 75 Not over I0 percent of ration 
Oat shulisi yt: eee: 5 ee eee Not suitable for pigs. Often used 
; to adulterate prepared pig feeds 
EGarbarers:.. ait ne Tes ea 20 For fattening hogs (entire ration) 


*Feed value is on basis of weight before cooking. 
+Compared on basis of amount actually eaten, chopping or grinding saves 


some waste, especially in wet weather. 
**Should not be fed to pigs under 
amounts to brood sows. 


75 pounds of weight and only in limited 
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Finishing Pigs for Market 


By 
A. W. OLIVER and E. L. POTTER 


This bulletin is prepared and revised with a view to putting before 
the stockmen of the state the results of experimental work in pig feeding 
that has been conducted through a series of years by the Oregon Experi- 
ment Station at Corvallis and at the Eastern Oregon Branch Experiment 
Station at Union. We have made no attempt to include all the data 
involved in these experiments but on the contrary have tried to state 
only the results that are immediately applicable to pig feeding in Oregon. 
We have made reference to the work of stations outside of Oregon 
wherever it has bearing on the question under discussion. 

All of the data upon which this bulletin is based are on file, and full 
details of any of the tests can be furnished on request. No positive state- 
ments are made which have not been thoroughly proved by repeated tests. 

As the title indicates, this bulletin deals with finishing pigs for 
market rather than with growing younger pigs or feeding brood sows. 
These latter subjects are reserved for later publications. 

The larger number of the pigs marketed in Oregon are of light 
weight, ranging from 175 pounds to 225 pounds. The pigs are growing, 
therefore, as well as laying on fat during the finishing period, and in 
order to secure the very best results considerable attention must be 
given the question of balancing the ration so that sufficient protein and 
mineral matter will be given to develop muscle and bone. The finishing 
period need not exceed sixty days unless a rising market warrants longer 
feeding. 

The finishing period should begin when the pig is about 100 pounds 
in weight regardless of age. As a rule, however, the pig that reaches 
100 pounds in weight when about five months old is more economical to 
feed for market than one that reaches this weight at an earlier or a 
later age. 


PREPARATION OF FEEDS AND METHODS OF FEEDING 


A good many tests have been made concerning the various methods 
of preparing and feeding the common feed stuffs. It may be said, in 
general, that preparation and methods of feeding are less important than 
many believe, provided the feed is palatable and fed regularly. It must 
be remembered that no method of treatment can change the composition 
of the feed. Particularly is it true that no grinding, soaking, or cooking 
can lessen the percentage of crude fiber. Digestibility and palatability 
may, however, be changed to a small degree and thus affect the rate of 
gain and the amount of feed to the 100 pounds gain, as is indicated in 
the summary of results following. 


GRINDING AND SOAKING 


Grains. Averages of all tests conducted at Corvallis and Union on 
the value of grinding small grains show a saving of 10 percent over 
feeding whole grains. According to a compilation of Experiment Station 
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SUMMARY TABLE 


Ground barley is the principal hog feed for Oregon, and therefore the other 


feeds are compared with it. 


Shorts, for example, is given the value of 90, which 


means that 100 pounds of shorts has the same feeding value as 90 pounds of 


barley. , 
GRAIN AND MILL FEEDS 
How used. (The relative values 
Relative given apply only when feeds 
Feed value are used as indicated) 
Barley ——SrOumds beeree tees cee eters ose aco 100 As the chief grain ration 
Barley—whole _..............,..-------- . 88 As the chief grain ration 
Wheat—ground vA 100 As the chief grain ration 
Wheat—whole . 88 As the chief grain ration 
Corn—ground 100 As the chief grain ration 
Corn—whole ...... .. 95 As the chief grain ration 
Oats—ground . 90 Not over 1/3 of grain ration 
Oats—whole . ... Not advisable 
Middlings .105 For sows and young pigs 
Middlings: 42....2 8k. aco s5 ee 100 For fattening hogs (not over 1/3 of 
ration) 
Shortest ors on. ee gy reese ree seeee ee 95 For sows and young pigs 
Shortss.) 3. e ee eee 90 For older hogs (not over 1/3 of 
ration) 
JJ GVA EY a0) ce arora eee ee ces cceiceee ea! oe eee eee Varies greatly 
BBRATA oe poe serene ate eee ar eed 75 For maintenance only (contains too 
much fiber for fattening) 
Cocoanut meal anche ce eee ee 100 Not over 1/4 of the ration 


SUPPLEMENTAL FEEDS 


Skim milk or buttermilk 20.0000. 0... 33 
Skim milk or buttermilk 2.222202... 12 
Tankage (60 percent) _............-..--20ccccccceeenee--s 300 
CO 1 Rs i122) UR a oe eee pec ncas eee eee aR eee 150 


Soy bean meal 
Cottonseed meal 


Not more than 3 lbs. of milk with 
1 Ib. of grain 
In unlimited amounts (not advis- 


10 percent to balance the 
ration 

10 to 20 percent to balance the 
ration 

8 to 15 percent to balance the ration 

Dangerous for pigs 


SUCCULENT FEEDS 


Potatoes raw 


Not 2 Ibs. to 


BAe eer NAS eee ay over 1 Ib. grain 
*Potatoes cooked ..... 25 Not over 4 lbs. to 1 Ib. grain 
Mangels or turnips . .. 12 Not over 3 Ibs. to 1 Ib. grain 
Rutabagas _......00.0...... 15 Not over 3 lbs. to 1 lb. grain 
Sugar DOOTS AC 1. Becta ee eer eee. 20 Not over 4 lbs. to 1 Ib. grain 
Silagewt scene ee ee ee ee Not suitable to pig feeding 

ROUGHAGE 
Alfalfa hay, chopped alfalfa, 
for alfalfa meal -....2c.cc.cccccccccccecessccsccerscevceze 75 Not over 10 percent of ration 
Oatahullay en sce eee ee Not suitable for pigs. Often used 
to adulterate prepared pig feeds 
YE CAT DAS Cis. see ede ee, oe er eee 20 For fattening hogs (entire ration) 


*Feed value is on basis of weight before cooking. 
+Compared on basis of amount actually eaten, chopping or grinding saves 


some waste, especially in wet weather. 


**Should not be fed to pigs under 75 pounds of weight and only in limited 


amounts to brood sows. 


Finishing Pigs for Market 


By 
A. W. OLIVER and E. L. POTTER 


This bulletin is prepared and revised with a view to putting before 
the stockmen of the state the results of experimental work in pig feeding 
that has been conducted through a series of years by the Oregon Experi- 
ment Station at Corvallis and at the Eastern Oregon Branch Experiment 
Station at Union. We have made no attempt to include all the data 
involved in these experiments but on the contrary have tried to state 
only the results that are immediately applicable to pig feeding in Oregon. 
We have made reference to the work of stations outside of Oregon 
wherever it has bearing on the question under discussion. 

All of the data upon which this bulletin is based are on file, and full 
details of any of the tests can be furnished on request. No positive state- 
ments are made which have not been thoroughly proved by repeated tests. 

As the title indicates, this bulletin deals with finishing pigs for 
market rather than with growing younger pigs or feeding brood sows. 
These latter subjects ave reserved for later publications. 

The larger number of the pigs marketed in Oregon are of light 
weight, ranging from 175 pounds to 225 pounds. The pigs are growing, 
therefore, as well as laying on fat during the finishing period, and in 
order to secure the very best results considerable attention must be 
given the question of balancing the ration so that sufficient protein and 
mineral matter will be given to develop muscle and bone. The finishing 
period need not exceed sixty days unless a rising market warrants longer 
feeding. 

The finishing period should begin when the pig is about 100 pounds 
in weight regardless of age. As a rule, however, the pig that reaches 
100 pounds in weight when about five months old is more economical to 
feed for market than one that reaches this weight at an earlier or a 
later age. 


PREPARATION OF FEEDS AND METHODS OF FEEDING 


A good many tests have been made concerning the various methods 
of preparing and feeding the common feed stuffs. It may be said, in 
general, that preparation and methods of feeding are less important than 
many believe, provided the feed is palatable and fed regularly. It must 
be remembered that no method of treatment can change the composition 
of the feed. Particularly is it true that no grinding, soaking, or cooking 
can lessen the percentage of crude fiber. Digestibility and palatability 
may, however, be changed to a small degree and thus affect the rate of 
gain and the amount of feed to the 100 pounds gain, as is indicated in 
the summary of results following. 


GRINDING AND SOAKING 


Grains. Averages of all tests conducted at Corvallis and Union on 
the value of grinding small grains show a saving of 10 percent over 
feeding whole grains. According to a compilation of Experiment Station 
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results by G. M. Rommel (Bulletin 47, United States Department of Agri- 
culture), the average saving resulting from grinding small grains is 
12 percent. This percentage is figured on the amounts of feed necessary 
to produce 100 pounds gain. The saving effected by grinding corn is 
less than with wheat or barley. An average of 18 trials at Wisconsin 
showed a saving of 6 percent in favor of ground over shelled corn, where 
the corn was hard and dry. Iowa reports a saving of from 4 to 6 per- 
cent. So small a saving will not usually pay for the expense of grinding, 
but on the other hand the advantage of grinding small grains is enough 
ordinarily to pay the expense of grinding. 

Recent experiménts at Corvallis involving sixty animals indicate 
rather conclusively that in respect to rate of gains, economy of gains, 
and daily feed consumption, there is practically no difference between the 
lots fed finely ground, coarse ground, or steamed rolled barley. There 
may be, however, a big difference in cost. Where grain is ground very 
fine, say to the consistency of shorts, big mills are required which cost 
several hundred dollars. Such mills are beyond the reach of the average 
stockman. The farm mills regularly on the market whether of the roller 
or burr type will not do very fine grinding although satisfactory for 
coarse grinding. The simple roller mill does very good work and does 
a great amount of grinding in proportion to the power used. Dry grain, 
especially barley, breaks up in rolling, and the product resembles that 
from the burr mills. Where the grain is steamed, or dampened, before 
rolling, the kernel does not break up but mashes out flat like oatmeal. 
Steaming or dampening requires additional work and equipment as 
compared with dry rolling or grinding and adds some moisture which 
may sometimes cause the grain to heat if stored in large quantities. 
The fact that fresh steamed rolled barley contains quite a little moisture 
should be given consideration in buying feed. From the standpoint of 
cheapness, dry rolling is therefore the best method of preparation, with 
coarse grinding in a burr mill next in order. 

Soaking of whole grains is a partial substitute for grinding and 
seems advisable where grinding.is unusually expensive, though further 
data are necessary before positive conclusions can be drawn. In soaking, 
care must be taken to prevent feeding too much water as gains will be 
retarded if the animals are forced to consume more water than they 
naturally require. 

The soaking of grains that have been ground is of very little advan- 
tage as shown by tests at Corvallis and Union. There was no material 
difference between soaked and unsoaked ground grain, either as to rate 
of gain, feed consumed, or feed required to produce 100 pounds gain; 
consequently the trouble of soaking would be largely wasted. Wetting 


ground feed, however, may save waste when fed out of doors in dry, 
windy weather. 


Alfalfa Hay. Alfalfa hay may be fed long, cut into short lengths, 
or ground into meal. Results at Union indicate that alfalfa hay fed 
long in racks as a grain supplement induced larger daily consumption with 
larger and cheaper gains than when fed either as a meal or cut. The cost 
of 100 pounds gain in the lot fed long hay was 42c less than where 
alfalfa meal was used, and 58¢ less than where cut alfalfa was used. 
These figures take into account the rapidity and economy of gains, as 
well as cost of preparation. Kansas reports no greater gains where 
alfalfa hay was ground than where fed long. Nebraska reports results 
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of five years’ experimentation, indicating clearly that the best way to 
feed alfalfa for fattening pigs is to feed it long and in racks. The poor 
showing for chopped or ground alfalfa is in all probability due to the 
forced consumption of stems, which contain much crude fiber. In other 
words, it is only the leaves and finer portion that are of value for pigs, 
while the coarser portions may be a detriment. The leaves and blossoms 
are sometimes separated from the stems and fed to pigs while the coarser 
portions are fed to cattle. This is a desirable practice wherever it can be 
done without too great expense. 


Roots. Roots should always be chopped before being fed to fattening 
hogs. When fed in troughs separate from the grain ration, two or three 
inches square is a desirable size, but results at Corvallis show very clear- 
ly that much greater root consumption can be induced where the roots 
are finely chopped and mixed with the grain. 


COOKING 


Grains. Extensive experiments have shown conclusively that the 
cooking of grains is not only of no value but has a decidedly detrimental 
effect upon the feed. Corvallis experiments give uncooked grains a pref- 
erence of 9.8 percent over cooked. Numerous experiments elsewhere 
confirm these results. Cooking seems to lessen the digestibility of pro- 
tein and mineral matter but may have some slight beneficial effect on the 
starches. 


Potatoes. Potatoes being a very starchy feed must be cooked before 
feeding in order to obtain the best results. In an experiment at Union, 
it took 556 pounds of raw potatoes to replace 100 pounds of barley while 
it only required 385 pounds of cooked potatoes to accomplish the same 
result. Experiments elsewhere confirm these results. 

The degree to which potatoes are cooked is important. Tests at 
Corvallis have shown definitely that potatoes are more palatable when 
cooked until they are about to drop to pieces and form a meal. Cooking 
until potatoes are desirable for table use is not sufficient to make them 
palatable for fattening hogs. 

The moisture content must be guarded, as hogs forced to consume 
too much water do not make the most economical use of their feed. If 
steamed no water need be added. If boiled the water in which they are 
boiled must be poured off. 

Roots. Cooking does not improve roots for hog feeding purposes. 
This is true also of squashes, pumpkins, melons, and practically all feeds 
except potatoes and possibly beans. 

Alfalfa Hay. Results secured at Union on the increased value of 
steamed alfalfa hay are not extensive enough to warrant definite con- 
clusions. A slight advantage for steamed alfalfa is indicated, but not 
sufficient to justify the expense of the steaming process. Steaming al- 
falfa or clover for hogs at Corvallis has not proved profitable. 


METHODS OF FEEDING 


Hand Feeding. This method consists in giving the pigs at each 
feeding time the amount of feed they will require to meet their needs 
until the next feeding time. Under this system feed is given two or 


three times daily. 
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Self Feeding. This system consists in having a quantity of feed 
before the pigs’at all times and in such form that it will not be trampled 
under foot and wasted. Results of seven tests conducted at Corvallis and 
Union show a saving of 38 pounds of grain to the 100 pounds gain in 
favor of self feeding over hand feeding. The average daily food con- 
sumption was greater and consequently the daily gain more rapid. Sim- 
ilar results have been obtained at other stations. The use of a self 
feeder reduces the feeding labor to some extent though attention must 
be given to the feeder once or twice a day to prevent clogging. Some 
care must be exercised in getting the animals on full feed. 


Free Choice. Under this plan several self feeders are employed, each 
containing a different feed, thus allowing the pigs to balance their own 
ration. Iowa reports excellent results following this system. The plan 
involves less work than mixing the feed and putting it all in one feeder, 
but can not be used where it.is desired to introduce some less palatable 
food to lessen the cost of the ration. 


Hogging Down. Under this plan such crops as peas, horse beans, 
wheat, corn, and root crops are grown to maturity, and the pigs are then 
allowed to do the harvesting. Waste of feed from tramping into the 
ground is offset by the saving in the expense of harvesting. This is 
often the best method, especially where cost of harvesting is high as is 
the case with peas or corn or with very light crops of wheat or barley. 


FEEDING STUFFS 


This section of the bulletin discusses the different feeds that are 
generally used in the Northwest for pig-fattening purposes. The results 
of experiments conducted in Oregon are given to substantiate statements 
made, and results from other states are cited when of sufficient pertinence. 


CONCENTRATES 


Barley. Barley is the basis of all pig-feeding operations in the 
Northwest and thus has the same position in this section that corn holds 
in the Middle West. The barley fed is of three kinds: common feed 
barley, bald barley, and hull-less barley. The common feed barley is 
much more generally used than either of the other varieties. 

A great number of experiments have been conducted at Corvallis and 
Union as to the value of common feed barley, and the results can be taken 
as conclusive. In the case of bald barley and hull-less barley fewer 
experiments have been conducted and definite conclusions can not be 
drawn. An average of twelve tests shows that it requires 438 pounds 
of common feed barley, ground and without supplement, to produce 100 
pounds of gain. This is for barley weighing 41 to 46 pounds to the 
bushel. It required 404 pounds of bald barley or 475 pounds hull-less 
barley, both ground, to produce 100 pounds gain. 


Wheat. This grain is used extensively in Oregon for fattening pigs 
and is commonly thought to be superior to barley, but in numerous ex- 
periments wheat has not given results quite equal to barley. The differ- 
ence is very slight, however, and generally they may be considered of 
equal value. An average of fourteen tests shows that to produce 100 
pounds gain requires 463 pounds of wheat if fed alone. 
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Corn. For fattening purposes corn is approximately equal pound 
for pound to barley or wheat. The following table indicates the results 
obtained at Ohio and Missouri stations: 


Feed to produce 


Station Feed Daily gain 100 pounds gain 
f lbs. lbs. 
Ohio Ground corn 9, tankage 1 1.59 366 
Ground wheat 9, tankage 1 1.59 383 
Missouri ‘Ground corn 10, tankage 1 1.51 480 
Ground wheat 10, tankage 1 1.60 469 


The results at these stations show a slight advantage for corn in 
Ohio and wheat in Missouri. In general feeding operations the relative 
prices of corn, wheat, and barley should determine the grain the producer 
should feed since their value, ton for ton, is practically equal. 


Wheat By-products. Middlings and shorts can be used as a partial 
substitute for barley whenever prices justify. Experiments at Corvallis 
indicate that a combination of one-third middlings or shorts and two- 
thirds barley will give just as good returns as barley alone, but middlings 
or shorts fed alone as a fattening ration have not been satisfactory, 
gains being very slow and amount of feed necessary to produce 100 
pounds gain being excessive. These feeds are not palatable when fed in 
large quantities and contain too much crude fiber. Bran is too bulky 
for a satisfactory fattening feed and can seldom be used economically. 


Oats. Owing to the bulkiness (high percentage of fiber) of this feed 
it should not constitute the sole grain for fattening purposes. Experi- 
ments at Corvallis in which one-third of the ration consisted of oats and 
two-thirds of barley gave results approximating very closely those given 
by barley alone. Results at the Wisconsin Station in which one-third of 
a corn ration was replaced by ground oats indicate approximately the 
same relative values. 

Ohio reports indicate a slightly smaller feeding: value for oats than 
for corn. The difference is not great, however, and the feeder is fairly 
safe in making: one-third of the ration oats providing the price of oats 
justifies the substitution. When fed in larger amounts than one-third of 
the ration, however, oats have not proved satisfactory. 


Rye. Rye as a sole feed for fattening purposes is not palatable and 
does not give as good returns as other grains. Not only does it require 
more feed to produce 100 pounds gain, but gains are made less rapidly, 
as it seems impossible to induce the animals to eat sufficient quantities 
to make production satisfactory. Rye-fed pigs were lacking very much 
in finish as compared with the other lots. 


The following table gives results of rye feeding: 


Feed to produce 


Station Feed Daily gain 100 pounds gain 
Ibs. lbs. 
Oregon Rve, ground 1.09 440 
Wheat, ground NEG, 423 
Nebraska Rye, soaked .88 546 
Wheat, soaked 1.05 504 
Ohio Rye 9, tankage 1 1.00 441 


Corn 9, tankage 1 (1.09 s 899 
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If a small proportion of rye is mixed with a larger proportion of 
other feed the pigs will eat it satisfactorily and make good gains. 


Peas. Because of the prevailing high prices for peas they are not 
generally used for hog-feeding purposes. They contain about two times 
as much crude protein as the cereals and are high in phosphorus and 
potash. Peas are more efficient when fed in combination with some 
carbonaceous feed, such as wheat, barley, corn, etc. 


The most general method of feeding peas is the hogging-down sys- 
tem. The peas are allowed to get ripe, and the pigs are then turned into 
the field to do the harvesting. This system at Union gave an average 
daily gain of 1.52 pounds with an average production of 397 pounds of 
pork to the acre. The Idaho Station reports slightly greater returns. 
The amount of pork produced to the acre is very largely determined by 
the yield of the peas. The returns are generally satisfactory considering 
the fact that the peas are essentially a rotation crop and that the pigs 
under this system do their own harvesting. 


The following table indicates the value of threshed peas compared 
with other grain: 


Feed to produce 


Station Feed Daily gain 100 pounds gain 
lbs. lbs. 
Oregon (Union) Peas 1.76 353 
Oregon Wheat 1.60 423 
Oregon Barley 1.54 438 


From the foregoing tables it is clear that peas rank first of the 
grains in efficiency of pork production. The economy, however. will de- 
pend upon the relative prices and supply of these feeds. 


SUPPLEMENTAL FEEDS 


Supplemental feeds are feeds used as supplements to the grains such 
as wheat, barley, or corn, so as to make a better balanced or more pal- 
atable ration. Most cereals and cereal products are deficient in protein 
and the protein contained is incomplete, that is, lacking in certain com- 
pounds essential to the most rapid gains. Animal proteins, on the other 
hand, and to a lesser extent leguminous proteins, contain these desired 
compounds. But relatively small amounts of supplement are neccessary 
to give satisfactory results. Very large amounts of supplement may 
greatly increase the cost and lower the rapidity of gains, since their 
high value lies more largely in their influence upon the utilization of the 
other feeds used than upon their own independent nutritive value. 


Skim Milk. This is not only the very best supplement for growing 
pigs, but is almost of equal value for fattening purposes. Though very 
low in dry-matter content, milk furnishes a complete protein, which fact 
accounts in a large measure for the excellent returns. Milk renders the 
ration more palatable, inducing greater consumption and consequently 
greater daily gains. 
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The following tables give comparative results of feeding milk as 
supplement to grain: 
BARLEY AND SKIM MILK 


’ ’ Average Feed to produce 
Station Ration No. of tests daily gain 100 pounds gain 
lbs. lbs. 
Oregon Barley 12 1.54 Barley 438 
Oregon Barley and milk 4 1.57 Barley 322 
Milk 319 


WHEAT AND SKIM MILK 


Oregon Wheat 14 1? Wheat 463 
Oregon Wheat and milk 4 "2.06 Wheat 292, 
Milk 330 


Tests elsewhere indicate that where three or four pounds of milk 
are fed to each pound of grain it will require 400 pounds of milk to 
replace 100 pounds of grain and where milk is fed alone, gains will be 
quite slow, and it will require 1000 to 1500 pounds of milk to replace 
100 pounds of grain. 


Buttermilk. This supplement when free from wash water, is equal 
in feeding value pound for pound to skim milk. As in the case of skim 
milk it should be fed at not over 3 pounds of buttermilk to 1 pound grain 
in order to attain the greatest efficiency. Before paying prices equal to 
quotations on skim milk the purchaser of buttermilk should be sure that 
the product is not diluted. It is a very easy matter to dilute buttermilk 
with water. This dilution is also very difficult to detect unless a moisture 
determination is made. In order to avoid the spreading of tuberculosis 
buttermilk should be heated to 180° temperature if the cream has not 
been pasteurized before churning. 


Whey. While whey is a dairy by-product and usually thought of in 
connection with skim milk or buttermilk, it is very low in its protein 
content and can not be used as a supplemental feed. It is therefore 
discussed further on under the head of miscellaneous feeds. 


Tankage. Tankage, often called meat meal, is a by-product of the 
meatpacking industry. Waste meat, scraps, blood, and fat trimmings 
are subjected to a very high steam pressure and thoroughly cooked. The 
fat is then drawn off, and the residue dried, finely ground, and placed 
on the market under the name of Digester Tankage. There are different 
grades of the product, containing from 40 percent to about 60 percent 
protein. It is always advisable to use the grade containing the highest 
percentage of protein, as the value of tankage is mainly in its protein 
content. In general there is no advantage in using tankage in combina- 
tion with skim milk or other protein supplements. Tankage added to 
alfalfa pasture does not seem to justify its extensive use for this pur- 
pose although the evidence on this point is not absolutely conclusive. 
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The following tables give value of tankage as a protein supplement. 


BARLEY AND TANKAGE 


Average Feed to produce 
Station Ration No. of tests daily gain 100 pounds gain 
lbs. lbs. 
Oregon Barley 12 1.54 Barley 438 
Oregon Barley and tankage 5 eL Barley 340 
Tankage 36 


» * WHEAT AND TANKAGE 


Oregon Wheat 14 1-21 Wheat 463 
Oregon Wheat and tankage 2 1.42 Wheat 330 
Tankage 41 
Ohio Wheat and tankage 1 1.59 Wheat 345 
Tankage 38 


These tables show that 100 pounds of 60 percent tankage replaced 
nearly 300 pounds of grain. 

Besides the foregoing results eight tests conducted at Union show 
that 100 pounds of 60 percent protein tankage replaced 327 oe of 
grain. 

These results indicate clearly the value of tankage as a protein 
supplement to the grains. One pound of tankage fed in amounts of from 
5 to 7 percent of the ration will in general replace 3 pounds of grain. 
Results of two tests at Corvallis show that a ration containing 7 percent 
tankage gives just as good results as a ration with 17 percent; that is, 
the gains were as good and the total amount of feed to the 100 pounds 
gain no higher, thus showing that 5 to 7 percent was enough to balance 
the ration. 


Fishmeals Fishmeal is a protein supplement prepared from fish 
scraps and fish unsuited for human food. The fish and scraps are cooked, 
then pressed to extract the oil, after which the residue is dried and 
ground. | Mt od 4 

Fishmeal generally contains from 2 to 10 percent less protein than 
does tankage, but it contains more mineral matter, especially more cal- 
cium and phosphorus, bone-building compounds, which are important in 
hog feeding. 


The following table gives the results of tests of tankage versus 


fishmeal. , it etat 


Dail Average amoun E 

Station No. of tests Ration ein feed to Solace 100 Ibs. 
lbs. lbs. 
Oregon 2 Barley 93% 1.32 Barley 402 
Fishmeal T% Fishmeal 30 
Oregon 2 Barley 93% Barley 441 
d Tankage 1% 1.08 Tankage 383 
United States 1 Corn 90% Corn 354 
; Fishmeal 10% 2.16 Fishmeal 39 
United States i Corn 90% Corn 416 
Tankage 10% 2.00 Tankage 46 


From the table it will be observed that fishmeal is more efficient than 
tankage as a protein supplement. The average saving in feeding fish- 


13 


meal in preference to tankage is 9 percent. The relative price of tank- 
age and fishmeal will determine which feed should be fed. Fishmeal 
containing less than 45 percent protein can not be expected to be as 
efficient as the high grade tankage. 


Cocoanut Meal. Cocoanut meal is the product resulting after the 
oil has been extracted from the copra, or meat of the cocoanut. There 
are two kinds of cocoanut meal, the domestic and the Oriental. The 
domestic meal is made in America from copra imported from the Orient. 
The Oriental meal is made in the Orient, and due to the crude method of 
manufacturing it still contains 30 to 40 percent fat. Most of the cocoa- 
nut meal on the American market is of domestic manufacture. The use 
of cocoanut products is being encouraged by commercial shipping inter- 
ests of the Northwest to furnish return ‘cargo for ships that have gone 
to the Orient with flour and lumber. 


Cocoanut meal tends to become rancid if stored for a long period, 
especially when it contains much moisture. Cocoanut meal varies as to 
palatability, as occasionally there will be a quantity that the pigs will 
not eat readily, probably because the fat has become rancid, although we 
can not be quite sure on this point. 

In one test at Corvallis, growing pigs refused to eat cocoanut meal 
when fed as 21 percent of the ration, but in other tests they have readily 
eaten up to 50 percent cocoanut meal. In two tests cocoanut meal con- 
taining 43 percent fat was fed in the proportions of 25 percent and 50 
percent of the total ration. In both cases the 25 percent ration proved 
the more satisfactory. The 50 percent had a laxative effect causing the 
pigs to scour. The standard domestic cocoanut meal was fed in two 
other tests, and each time a ration containing 25 percent cocoanut meal 
and 75 percent barley or wheat was the most satisfactory. In a ration 
of 25 percent cocoanut meal, the remainder being barley, wheat or corn, 
cocoanut meal is equal to any of the common grains. 


‘Linseed Oil Meal. Linseed oil meal is the product remaining after 
the linseed oil has been extracted from the flax seed. It is very pal- 
atable, uniform in quality, keeps well, and is in all cases a very safe 
feed. It gives results similar to tankage but must be fed in double the 
amount as approximately two pounds of linseed oil meal is required to 
furnish the same protein as one pound of tankage. Tankage is for this 
reason usually the more economical at the usual market prices. The 
term “oil meal’ is generally used to mean linseed oil meal, but is some- 
times applied to other products resulting from the extraction of various 
vegetable oils. 


Soy Bean Meal. Soy bean meal is the product remaining after the 
oil is extracted from the soy bean. It is similar to linseed oil meal in 
feeding value but has about 20 percent more protein and consequently 
a higher value. In the South the term “soy bean meal” is used to indi- 
cate the entire soy bean ground fine, without the oil having been extract- 
ed. This product, however, is not on the market in the Northwest. The 
soy bean meal on the market here is imported from the Orient and has 
had the oil extracted. 
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Cottonseed Meal. Because of certain poisonous properties cotton- 
seed meal should not be used as a pig feed although it is very desirable 
for cattle and sheep. 


Alfalfa Hay. Alfalfa hay is in some respects a desirable supple- 
ment. It contains the compounds which are lacking in the cereals, and 
where grown in abundance has the advantage of being relatively cheap. 
It is, however, so bulky that the pigs do not readily consume enough of it 
to balance the ration without cutting down the total amount of feed 
consumed. Pigs will not consume a normal amount of any ration con- 
taining more than 10 percent alfalfa hay, and this amount of hay does 
not contain enough protein properly to supplement the grain ration, 
though it is a little better than grain alone. When added to a ration 
already balanced, alfalfa hay is of little or no value. For these reasons 
alfalfa hay is not recommended for fattening pigs although it may be 
used for growing shoats or brood sows. (See Alfalfa Pasture.) 


SUCCULENTS 


These foods have a very beneficial effect upon the digestive system 
and produce unusually good returns in proportion to nutrients contained, 
but on account of their large water content they can supply only a small 
part of the total nutrients required. Their use, therefore, does not lessen 
to any large extent the amount of grain needed. When cheap, feeders 
are often tempted to feed succulents to excess with the result that the 
pigs make poor gains and do not get fat. 


Potatoes. Cooked potatoes are possibly the best succulent for fat- 
tening purposes, but because of their high water content pigs will not 
consume a full ration if the proportion of potatoes is greater than four 
pounds of potatoes to one of grain. If a larger proportion of potatoes 
is used the pigs will gain more slowly and will put on but little finish. 
On potatoes alone pigs will make a very small gain in weight but will 
not fatten. 


In several tests at Corvallis and Union with a ration consisting of 
four parts by weight of cooked potatoes to one part of grain, an aver- 
age of 238 pounds of barley and 845 pounds of potates were necessary 
to produce 100 pounds gain. On this basis it required 422 pounds of 
cooked potatoes to replace 100 pounds of barley. Wisconsin reports that 
442 pounds of cooked potatoes replaced 100 pounds of corn-meal. Den- 
mark reports that 400 pounds cooked potates saved 100 pounds of mixed 
grain. These results indicate that 400 to 425 pounds of cooked po- 
tatoes will replace 100 pounds of grain (barley, wheat, corn, or mixed 
grains), if fed in proportions not to exceed four parts cooked potatoes to 
one part grain. 


Roots. Roots, including sugar-beets, mangels, carrots, rutabagas, 
etc., are valuable when fed in limited amounts. It is not advisable to 
feed a ration consisting of more than three-fourths roots to one-fourth 
grain. On the basis of palatability the roots rank as follows: sugar- 
beets, mangels, carrots, rutabagas. 


By actual test animals weighing 150 pounds receiving ground barley 
in a self feeder could be induced to eat in addition to the barley not to 
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exceed three pounds of mangels each in a day. In a recent experiment 
conducted at Corvallis, however, finely chopped mangels mixed with 
grain in proportion of one pound of grain to four pounds of mangels 
were fed successfully in self feeders. The lot consisted of fifteen head, 
having an average initial weight of 183 pounds. The average daily gain 
was 1.64, and the daily feed consumption 4.66 pounds of barley and 20.8 
pounds of mangels. It required 1,261 pounds of mangels and 283 pounds 
of barley to produce 100 pounds gain. The heavy consumption of man- 
gels is due to mixing the grain and finely chopped mangels before 
feeding. 

We are safe in concluding that 600 pounds of mangels will replace 
100 pounds of barley if fed in proper proportions. Carrots and turnips 
are slightly more valuable than mangels, though not as palatable. Re- 
sults from other stations show that 400 pounds of sugar beets are neces- 
sary to replace 100 pounds of grain. The difference in efficiency of the 
various root crops, except sugar beets, is so slight that the determining 
factor should be the comparative yield and cost of producing the crops. 
Such differences as there are seem to depend upon the dry-matter content. 


Artichokes. As reported in Station Bulletin 54 one-eighth acre of 
artichokes supplemented with 736 pounds of mixed grain produced 244 
pounds of pork. Allowing 450 pounds of mixed grain for 100 pounds 
gain, an acre of artichokes was worth 2,896 pounds of grain. Missouri 
Bulletin 29 reports artichokes practically equal to potatoes for pig feed- 
ing. Henry states the following regarding artichokes: “Although long 
grown in a small way and often extolled, no extended feeding trials have 
yet been made with artichokes, nor does their use by feeders seem to 
increase.” Artichokes are grown to some extent on the richer bottom 
soils of the coast counties of Oregon but are almost unknown in the 
other parts of the state. 


Silage. Corn silage is practically of no value in a fattening ration. 
Tests at Corvallis show a smaller daily gain and a greater amount of 
grain requirement to the pound of gain when silage constituted part of 
the ration than when the same ration was fed without silage. Results 
at the other stations confirm these conclusions. This is probably due 
to the large amount of fiber contained in the silage. 

Silage made from the ear corn without the stalks is a very satis- 
factory pig feed, but the pigs leave the cobs and husks and eat only the 
kernels. There seems to be no advantage in putting ear corn in the 
silo instead of putting it in the crib. 


MISCELLANEOUS FEEDS 


Molasses. Cane molasses can be used to advantage in combination 
with other feeds. Tests at Corvallis show that one lot of fifteen pigs 
receiving four parts mill-run and one part molasses consumed as much 
mill-run as similar lots receiving mill-run alone. The gains were pro- 
portionally better, thus making cane molasses more efficient than mill- 
run and at the same time inducing greater consumption and greater 
gains. 

In another test recently conducted at Corvallis fifteen pigs having 
an average initial weight of 183 pounds, consumed daily 10.7 pounds of a 


16 


mixture of ground barley 72 percent, tankage 8 percent, and molasses 
20 percent. They made a daily gain for 50 days of 2.11 pounds. In this 
test molasses proved practically equal pound for pound to ground barley. 


In a test at Corvallis, one lot of pigs were fed as high a proportion 
of molasses as was possible, to determine how much they could consume 
without any detrimental effects. The pigs were started on a 30-percent 
ration and gradually increased until they were receiving 43 percent of the 
ration molasses. Molasses has a laxative effect and causes the pigs to 
scour. 

Molasses is especially good to mix with other feeds of an unpalatable 
nature. It is a valuable feed when it does not cost more than barley, 
wheat, or corn. Molasses is used chiefly, however, by feed manufacturers 
in the preparation of mixed feeds. These dealers get molasses in tank 
cars and at a much cheaper rate than farmers who have to buy it in 
barrels and in small lots. Barreling adds approximately 50 percent to 
the cost of molasses. Farmers usually dislike molasses because it is 
unpleasant to handle. 


Whey. Whey contains a small amount of carbohydrate material and 
is valuable to this extent, but should be fed in combination with grain 
and a protein supplement. Fed as indicated, whey has a feeding value 
equal to about one-sixteenth or one-twelfth that of grain. These results 
are determined from the use of ordinary whole whey, which according to 
Day is worth 25 percent more than separated whey. Hogs can not be 
fed entirely on whey because it contains too much water. 


Garbage. Garbage can be utilized as a hog feed without any detri- 
mental effects on the pork produced although popular opinion is to the 
contrary. The only effect garbage has on the hogs is that it makes 
them rather “paunchy” and in that way lowers their dressing percentage. 


In several tests at Corvallis, with garbage from the dormitories, it 
required from 1500 pounds to 2000 pounds to produce 100 pounds of gain. 
As high as 1.5 pounds gain per day has been made by pigs fed on garb- 
age alone. Restaurant and hotel garbage has a higher feed value than 
family garbage. It is not necessary to cook garbage, in fact it is an addi- 
tional expense and does not increase the feed value unless the garbage 
is nearly all potato peelings. Cooking does not control the spread of 
disease and it is always necessary to vaccinate the hogs in case 
cholera is prevalent. Some feeders cook garbage in order to remove the 
grease, which they sell as’soap grease, but the grease ordinarily does not 
pay the expense of cooking. In order to skim the grease off it is neces- 
sary to add enough water to cover the garbage, which increases the bulk 
and reduces the feed value. In addition the grease has a feed value to 
the pigs of about two times the value of grain. 


Since the supply of garbage always varies from day to day it is 
a good plan to have pigs enough to eat up all the garbage at all times 
and then when there is not enough garbage, make up the deficiency with 
grain. Garbage should always be fed fresh as there is no very satisfac- 
tory way of storing it. 


Hogs that are fed garbage from a city should be vaccinated for hog 
cholera. 
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When grain is fed to reduce the pig’s “paunchiness” we should feed 
only grains that have a small amount of crude fiber such as barley, wheat, 
or corn. Such feeds as mill-run or oats are too bulky and cause the 
same “paunchy” condition as garbage. 


In tests at Corvallis, it was proved that garbage does not need a 
protein supplement such as tankage or fishmeal, as there seems to be 
sufficient protein in the garbage to balance the ration. 


Beans. Cooked cull beans, according to the Michigan Station, fed 
with equal parts of corn made 1.5 pounds gain per day and require 406 
pounds of feed to produce 100 pounds gain. When a straight ration of 
cooked beans was fed, the daily gains were not as much and it required 
more feed per 100 pounds gain. A ration composed more than one-half 
of cooked beans causes soft pork. 


PASTURE CROPS 


Alfalfa Pasture. There is considerable question in the minds of 
farmers as to the advisability of allowing fattening pigs pasturage in 
combination with their grain ration. Results at Union show that it is 
advisable providing the animals are marketed under 200 pounds. Under 
these conditions alfalfa pasture made a saving of 88.61 pounds barley 
to the 100 pounds gain. 


Foilowing is a table of results obtained at Wichita Union Stock 
Yards: 


Feed to produce 


Feed Daily gain 100 lbs. gain 
lbs. lbs. 
Corn Brit Corn 560 
Corn and alfalfa pasture 1.63 Corn 393 
Corn and meat meal 1.47 Corn 409, Meat meal 19 
Corn, meat meal, and alfalfa pasture 1.48 Corn 390, Meat meal 17 


This table shows a great advantage for alfalfa pasture and corn 
as compared to corn alone. The average initial weight of the hogs used 
was approximately 120 pounds; thus they were growing during the fat- 
tening period. These results indicate the inadvisability of using corn 
alone as a ration for growing pigs. In the corn and meat-meal ration 
alfalfa pasture effected a saving of 19 pounds of corn and 2 pounds of 
meat-meal to the 100 pounds gain. 

In general, light-weight hogs can utilize pasture to the best advan- 
tage. Pasture for fattening pigs must be good in all cases and the 
grain not limited. 


Clover Pasture. Clover pasture and rape pasture are of about equal 
value for hogs. They will not yield as much as alfalfa but will grow in 
localities where alfalfa will not grow and are especially suited to the 
Willamette Valley. Clover will furnish pasture earlier in the season 
than will rape, while rape is at its best during the summer when clover 
is getting woody. Clipping clover when it is getting stemmy or woody 
will induce a new growth and greatly improve the pasture. Red clover 
is the most satisfactory variety for hog pastures. It is seeded at the 
rate of 8 to 10 pounds per acre. 
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Rape Pasture. Rape can be sown either in rows or broadcasted. 
Sowing in double rows so it can be cultivated is generally more satisfac- 
tory for pasture in dry weather. It may be sown with a grain drill 
leaving the first two holes open and plugging the next three holes, then 
leave two holes open, and so on across the drill. Rape should not be 
sown until the weather and the ground are warm, and it should be cul- 
tivated after each rain to keep down weeds and conserve moisture. 


Rape should not be pastured until it is about ten or twelve inches 
high. After rape has been grazed down to four or five leaves to the 
plant, the hogs should be changed to another pasture and the rape cul- 
tivated. Then after a short time it can be pastured again. 


Seed rape at about 5 pounds per acre in rows and about 8 pounds 
when broadcasted. It is probably our best pasture in Western Oregon. 


Winter Wheat. Winter wheat planted in the spring makes a good 
hog pasture for Western Oregon. It yields only about two-thirds as 
much as rape or clover but it is better suited to poor undrained soil. It 
is necessary to keep the wheat grazed to about three or four inches high 
or the wheat will head and stop growing. Winter wheat may often be 
grazed the second season. Seed about two bushels per acre. 


Vetch and Oats. Vetch and oats are not as satisfactory as the fore- 
going crops. They do not stand the grazing as well and do not grow well 
after being once eaten off. 


IMPORTANT CONSIDERATIONS IN BALANCING RATIONS 


Crude Fiber. An important factor, and one that frequently receives 
little consideration in balancing rations for fattening pigs is crude fiber. 
This comprises the woody portion of the feeding stuffs and consists mainly 
of cellulose, which is much less digestible than other constituents of the 
feed. It is a high content of crude fiber that makes a ration “bulky.” 


The cow, the sheep, and the horse have special digestive arrange- 
ments, whereby crude fiber may be digested in large quantities. Fiber 
is in fact necessary for the well-being of these animals. The hog, how- 
ever, is not so constituted. He is especially fitted for consumption of 
large quantities of concentrates which he converts into edible product 
much more efficiently than any other meat-producing animal, but he can 
digest crude fiber to but a limited extent, if at all. Large quantities of 
fiber have a detrimental effect and some authorities consider any crude 
fiber detrimental. 


If the fiber content of the ration exceeds 5.5 percent, it is impossible 
to make good gains in fattening hogs. Small quantities of crude fiber in 
a fattening ration do little harm, but the limit is easily reached and is 
too often passed. Canadian laws on feed regulations stipulate that feeds 
being placed on the market for pig feeding purposes must not contain 
to exceed 6 percent crude fiber. 


A few examples will make this conclusion evident. Experiments 
have shown that alfalfa hay, though containing a high quality of protein 
and other digestible nutriments, will barely maintain hogs if fed as a 
sole feed in a ration. The feed contains 28 percent crude fiber. To make 
satisfactory gains a 200-pound fattening hog would have to consume 
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daily 15 to 20 pounds of alfalfa hay. The consumption of this amount is 
a physical impossibility. 

Such feeds as wheat bran, containing fiber 10.2 percent; wheat shorts, 
containing fiber 7 percent; barley shorts, containing fiber 10.1 percent; 
oats bran, containing fiber 18.3 percent; barley bran, containing fiber 
19.3 percent; oat hulls, containing fiber 29.2 percent; oats, containing 
fiber 10.9 percent, are all too high in crude fiber content when fed as a 
sole feed in a fattening ration. Numerous experiments have clearly shown 
that they do not give satisfactory gains unless fed with other feeds, low 
enough in fiber so that the fiber content of the mixture is less than 
5.5 percent. 

Experiments at Corvallis have shown that a ration consisting of 
two-thirds barley, one-third shorts, is equal to barley. This combination 
gives a crude fiber content of 5.4 percent, just under our limit. Experi- 
ments at Corvallis and other places have shown, likewise, that a ration 
consisting of one-half shorts and the other half barley is not equal to 
barley alone. This combination gives a fiber content of 5.9 percent, which 
is above our standard. Similar experiments have shown that two-thirds 
corn and one-third oats equals corn alone. The fiber content in such 
a ration equals 5 percent. A ration two-thirds barley and one-third oats 
is barely equal to barley. The fiber content is approximately 6 percent. 
Many more experiments are available and could be cited to support the 
principle that the crude fiber content of the ration should not exceed 5.5 
percent. 

A great number of commercial hog feeds are advertised with emphasis 
on their protein and carpohydrate content. These nutrients, though very 
important, are of little value in the presence of too much fiber. Alfalfa 
hay, for example, contains a high percentage of protein and a fair amount 
of carbohydrates, but, as stated above, it would be impossible to fatten 
hogs on alfalfa hay alone. If the purchaser of feeds will pay more atten- 
tion to fiber content he will obtain much greater returns. 

In selecting feeds the purchaser may be guided by the following prin- 
ciples: Feeds containing 2 percent to 5.5 percent fiber are concentrates 
ordinarily suitable to pig fattening. Feeds containing 10 percent to 15 
percent fiber are bulky concentrates satisfactory for horses and cattle 
but not for hogs unless mixed with large quantities of more concentrated 
feeds. Feeds containing 20 percent to 30 percent fiber are roughage and 
must be fed as such, no matter how finely they may be ground. Feeds 
containing over 30 percent fiber must be classed with the straws and 
are not ordinarily worth buying. 


Protein. The protein question is always important in pig feeding as 
nearly all the common grains are deficient in protein. Some of the cereal 
by-products contain enough protein but it is not of the proper quality. 
It becomes necessary, therefore, to supply this lack with some feed that 
contains a high percentage of protein and in which the protein is the 
proper kind. Such feeds are tankage, the oil meals, skim milk, butter- 
milk, and within certain limits alfalfa. The pig seems to require animal 
or legume protein, but when once the protein requirements of the animal 
are met it is of no advantage to add more; in fact, it may be a disadvan- 
tage. The high values often obtained from tankage or skim milk are not 
to ke obtained when these feeds are given in larger quantities than enough 
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to furnish the necessary protein. The optimum amount of digestible ani- 
mal or legume protein for a fattening pig is about one-fourth pound a 


day. 


Minerals. Our definite information on the value of minerals for hogs 
is limited. It is known, however, that the hog should be given some min- 
erals to supplement the grain rations since the grains in these climates 
are deficient, especially in calcium, or lime. 

Hogs that are not receiving enough minerals will generally become 
lame and sometimes paralyzed in the hind quarters. Purdue University 
in a recent experiment found that a mineral mixture of wood ashes, acid 
phosphate, and salt increased the daily gains and made the gains more 
economical with a ration of soy beans and corn. 

The following mineral mixture can be fed either by adding about 
one-tenth pound per day per hog to the ration or by keeping it before 
them at all times in a self feeder. 


Slacked coal -_....2....-.. Hes neeanesbi a 3 100 pounds 
Stocktsalte 225 ee 8 pounds 
Ground bone (fine). FS. . 4 pounds 
Ground sulfur ..... 1 pound 
Air-slacked lime . . 2 pounds 
Glauber’s salt .... . 2 pounds 
Potassium 10dine: 2.2. eee 0.4 pound 


Thoroughly mix all the ingredients except coal together before mix- 
ing with the slacked coal. 


Water. The pig needs good, clean water accessible at all times. 
Water in the feed and water in the trough are the same to the pig pro- 
viding there is not too much in the feed so that he has to consume too 
much water in order to get enough feed. While our information on this 
subject is not as definite as we should like, it seems that the entire ration 
for a fattening pig should not contain more than 60 percent water and 
that if it does contain more than 60 percent the pigs will not consume 
enough feed and will make slower gains and take on less finish. 
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Bye on) ONE Srande Data UIs 


The growing of legumes is fundamental to a thoroughly well-developed 
agriculture in Western Oregon. However widely this fact is known and 
acted upon it cannot be over-emphasized by repetition. It is common farm 
experience that no procedure is more generally applicable for the rejuvena- 
tion of soils too long given over to the continuous growth of small grains 
and for stimulating the latent fertility of newly cleared lands than the 
systematic and persistent growth of the clovers, vetches, and other adapt- 
able legumes. When, in addition to the value directly of legumes as re- 
juvenators of poorly conditioned soils, mention is made of their enormous 
feeding value and their indirect value as soil builders in the shape of barn- 
yard manures, no argument is necessary in support of the fundamental 
relationship the legume crops bear to agriculture in Western Oregon. 
There are no crops here of greater importance, for they make the growing 
of other crops permanently possible and profitable. 

Closely associated with legume crops are other forage crops, which, 
although not in any sense fundamental to the general agriculture of Western 
Oregon, are of vast importance economically, because of their extensive 
use in the feeding of dairy and other livestock. It is the sole purpose of 
this publication, one of a series dealing with some chemical phase of forage 
crop production and utilization, to carry over to farmers of Western Ore- 
gon some specific information regarding the chemical nature of these crops 
which so vitally affect their own immediate interests and the permanent 
general welfare of Western Oregon. In this instance information gained 
from rather extensive laboratory investigations harmonizes with and sup- 
plements that secured by farm experience. It is usable in that it makes for 
a better understanding of the requirements of forage crops for growth, their 
peculiar and relative values for the feeding of livestock, and the invigorat- 
ing effect of the legumes on poorly conditioned and “run down” soils. 


THE COMMONLY GROWN LEGUMES 
PMID ANE EM UIE ETE NG 


Conditions of soil and climate which make of alfalfa the forage crop of 
first importance in irrigated sections of Eastern Oregon somewhat re- 
strict its growth in Western Oregon, particularly in Willamette Valley and 
Coast counties. There is, however, a rather extensive acreage of river 
bottom lands in the Valley counties on which alfalfa is known to thrive 
excellently and on which its growth might be greatly expanded with bene- 
fit to the soil and the production of a greater tonnage of hay of a kind 
that is always in demand by feeders of dairy stock. 

The clovers—red and alsike—adapt themselves to a wide range of con- 
ditions with respect to soil type and climate. They are extensively grown 
in Valley and Coast counties where the reaction of the soil is not too 
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strongly acid. « Red clover is given the preference on the higher lying and 
well drained lands. Alsike, because of its adaptability to soil conditions 
incident to poor natural drainage, is confined almost exclusively to areas 
of that kind. The clovers are prominent among the legumes of Western 
Oregon. 

The ability of common vetch to thrive on close-textured and somewhat 
acid soils gains for it, too, a peculiar significance for the agriculture of 
Western Oregon. It is thrifty and hardy under a wide range of soil con- 
ditions. Its ability to secure nitrogen under conditions that are adverse 
to other legumes and +o store it as finished protein (muscle-building ma- 
terial) for the use of dairy and other livestock is an exceedingly valuable 
characteristic and one that might possibly by selection and breeding be 
made even more pronounced. 

Other legumes, hairy vetch, field peas, and beans, are less widely grown, 
but each possesses some peculiar characteristic that makes it valuable for 
certain localities. No section of Western Oregon is without some legume 
that makes excellent growth and lends itself to soil-improvement programs 
and the feeding of livestock. 


THE LEGUMES AS SOIL REJUVENATORS 


It is common observance that newly cleared lands all too frequently are 
lacking in something that imparts “tone” and vigor to cultivated crops. 
Farm experience, too, teaches that soils, no matter how excellent the 
original condition of tilth, when continuously cropped with small grains or 
with small grains rotated only with non-leguminous forage crops, or even 
when “clean cultivated” for too long a time, as in orchard practice, invariably 
come into a condition of poor tilth and a lessened capacity for production. 
It is the peculiar function of legumes to overcome these conditions. 

Soils fail to impart ‘‘tone” and vigor to growing crops largely because 
of an insufficient supply of nitrogen, one of the elements absolutely 
essential for the growth of all plants. Soils reach a “run-down” physical 
condition through failure to maintain in them a liberal supply of actively 
decaying organic matter. Nitrogen can be purchased in the form of com- 
mercial fertilizers, and sometimes such purchase is practicable. Barnyard 
manures will carry into the soil active forms of organic matter. But all 
too frequently commercial forms of nitrogen are too expensive for general 
use and barnyard manure is sufficient for a small fraction only of the 
soil that would be stimulated to greater production by its application. Just 
here the legumes can be made to save the situation. 

The deep-rooted ones, like alfalfa and the clovers, enrich the soil 
enormously with -sod-like masses of quickly decaying roots when the 
ground is broken for the succeeding crop. Such crops having brought up, 
too, from soil depths not ordinarily reached by fibrous-rooted plants, sup- 
plies of lime, potash, and phosphorus for their own nourishment, the suc- 
ceeding crop has placed within its reach as the sod rots a supply of mineral 
plant food that would not otherwise become available to it. But these 
legumes, when vigorously inoculated with nitrogen-gathering bacteria, 
accomplish even more in the matter of placing necessary plant food at the 
disposal of the succeeding crop. Because of the activity of the bacteria 
which grow on them, the root masses are rich in a form of nitrogen that 
readily becomes available for the succeeding crop as the sod decays, and, 
best of all it has been taken largely from the unlimited supply of the soil air. 
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Unquestionably, these deep-rooted legumes are deservedly popular as re- 
juvenators of run-down lands wherever soil conditions permit of thorough 
inoculation and vigorous growth. 

The annual legumes—vetches, beans, and field peas—when thoroughly 
inoculated with vigorously active nitrogen-gathering bacteria, likewise 
leave in their roots at harvest time a supply of nitrogen taken from the 
soil air which readily becomes available for the succeeding crop at no 
expense to the soil itself. The less extensive root systems of the annual 
legumes, however, put them at a disadvantage in comparison with alfalfa 
and the clovers in the matter of soil enrichment with active organic matter. 
The disadvantage .is partly offset by the possibility of a more frequent 
appearance of these annual legumes in crop rotations and their less 
exacting requirements for growth. Wheuiever heroic treatment is neces- 
sary for the rejuvenation of soils in especially poor condition of tilth the 
annual legumes are readily available as cover crops. They have a well- 
established place in the agriculture of Western Oregon from the standpoint 
of soil fertility alone, 


USING LEGUME CROPS 


Alfalfa, red and alsike clover are most commonly cut for hay. The 
vetches and field peas are most frequently grown with wheat, oats, or 
barley and harvested for hay or silage. However harvested, the legumes 
figure prominently in the winter rations of sheep and cattle and are given 
first place among all forage crops because of their relatively large content 
of protein. 


THE NON-LEGUMES 


Of the non-legumes, some, as timothy, redtop, orchard grass, and rye 
grass are widely known and appreciated. Others, like marshland grass and 
canary grass, are localized crops whose utility is correspondingly restricted. 
Corn and sunflowers may very properly be mentioned in this connection as 
crops are more frequently harvested in Western Oregon for forage than 
grain. The non-legumes are less sensitive than legumes to soil reactions 
and are not likely to fail in any community because of acid-reacting soils. 

The non-legumes, however, are soil exhausters. They have a place in 
rotations with small grains but like them they leave no accumulation of 
nitrogen in the soil in exchange for other plant foods taken. No one 
should think of growing timothy and orchard grass for reasons that make 
alfalfa, clover, and vetch so widely grown. In the form of hay the non- 
legume grasses bring into the ration a necessary roughage that is more 
palatable than the straws, comparatively cheap carbohydrates (energy- 
releasing and fat-producing compounds), and liberal amounts of mineral 
matter. Sunflower and corn silages impart to the winter ration of sheep 
and cattle the necessary succulence and are valued highly by feeders of 
dairy and other livestock for that reason alone. 


COMPOSITION OF FORAGE CROPS 


There are some analytical data available for practically all kinds of 
forage crops grown in Western Oregon. Clovers and alfalfa especially 
have been very frequently the objects of chemical investigations elsewhere 
and something is known of their response in composition to changes of 
environment. The data for two or three of the legumes which figure 
prominently in the agriculture of Western Oregon are, however, rather 
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meagre, and it is doubtful whether any are as strictly applicable to pre- 
vailing conditions as one might wish. This situation is remedied by the 
analytical data presented here. They bear strictly upon forage crops 
grown in Western Oregon. 


ORIGIN OF SAMPLES 


Samples from which analyses were made represent crops of 1919 and 
1921. They were obtained through the cooperation of county agricultural 
agents and from the superintendents of the branch experiment stations in 
Jackson and Clatsop counties. All samples represent crops matured for 
hay or silage. Since they were hand-picked and very carefully handled 
_ in drying to prevent shattering of leaves and small stems, they probably 
more nearly represent the crops as grown than would samples secured 
behind mower and rake. The analyses were made on air-dry samples 
finely ground. 


JNINGANE NO IEICE, IDVANAD AN 


Although the analytical data are tabulated by sections, it must not be 
assumed that rigid comparisons, whereby the superiority of one section 
over another for the growing of any one crop might appear to be 
established, are thereby intended or invited. So many factors are con- 
cerned in the final make-up of plant substance that one is not justified in 
attempting such comparisons here as the three divisions of tabulated data 
naturally suggest. The more or less natural geographic divisions of 
Western Oregon were used in the tabulation of analytical data entirely as 
a matter of convenience for reference and comment. It is to be noted that 
the greatest range of forage crops prevails in the Valley counties. 

The analytical data are presented in detail in tables I, II, and IV. It 
would be presumptuous to undertake interpretation of or to comment on 
the data from the various possible standpoints of interested readers. It 
would be equally presumptuous to leave to the reader all possible interpre- 
tations. The data will be viewed most naturally from the standpoint of 
the feeder of livestock, but they have a certain value agronomically from 
the standpoint of soil fertility. Comment here has been restricted to these 
two points of view, and for the benefit of those who might best appreciate 
a condensed expression of results, certain calculations have been made from 
the original data and summarized in tables III, V, and VI. The reader may 
therefore study the data from his own particular standpoint, or he may 
quickly secure the essential points applicable directly in calculating rations 
for livestock and for calculating the fertilizer requirements of the more 
prominent of these crops. 


FROM THE STANDPOINT OF NUTRITION 


The Proteins. In Table I the analytical data are presented in a form 
that is perfectly familiar to those most likely to use them. The significance 
of each group of compounds in feeding operations is well understood, but 
this with reference to the proteins must be said: The proteins of seeds— 
corn, wheat, oats—because of fundamental differences in molecular struc- 
ture, differ very markedly in their ability to meet the varied wants of 
the animal body. It is probable that the proteins of the stalks and leafy 
portions of the same plants also differ in feeding value for similar reasons. 
Actual feeding experiments are now considered necessary to establish fully 
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the relative feeding values of protein mixtures from various sources. The 
“crude protein” determinations, however, still serve as a rough measure of 
relative values in so far as the nitrogen-containing compounds are con- 
cerned and are presented here with that idea only. 

It appears from Table I that of the commonly grown legumes, common 
vetch and field peas stand out most prominently in ability to elaborate 
protein compounds. If, pound for pound, the proteins of these crops 
should prove to be the equal in feeding value to those of red clover and 
alfalfa, it would seem to be perfectly proper to encourage their more ex- 
tended growth and to capitalize for the Valley and Coast counties especially 
this ability to gather and utilize nitrogen under conditions that are some- 
what adverse to the most thrifty possible growth of the *clovers and 
alfalfa. : 

Table II] summarizes the average composition of those crops that are 
most commonly used in feeding cattle and sheep. In Table V, column 3, 
there is a statement of pounds of crop required to equal the protein in 
100 pounds of milk. Since a fraction only of the protein consumed is 
digested (roughly 63 to 70 percent for the hays and silage and 70 to 75 
percent for the grains) and since there are body wastes to make good as 
well as milk to secrete, it is obviously impossible for the dairy cow to 
secure from the richest of legume roughage an amount of protein suf- 
ficient to meet her requirements in reasonably heavy milk production. The 
non-legumes are wholly inadequate, hence the importance of the concen- 
trates (by-products of various kinds rich in protein, as bran, shorts, linseed 
meal) for this particular kind of feeding. 


Carbohydrates Other than Crude Fiber. It has been the custom in the 
analysis of plant substances intended for feeding purposes to determine 
“crude fiber” and to report all other carbohydrates under the term “nitrogen 
free extract.” That custom was followed in the compilation of Table I. 
“Nitrogen free extract,” however, like the term ‘crude protein,” is one that 
covers over a great deal of information that might possibly be made use 
of by feeders of livestock were it readily available. In Table II are sum- 
marized for the legumes the analytical data resulting from the determina- 
tion of the more prominent components of a group of constituents common 
to all feeding stuffs that are usually lumped together under a heading that 
leaves much to be desired in the way of specific information. It is to be 
noted that sugars, starch, and pentosans make up a large part of the 
“nitrogen free extract.’ Total sugar is the sum of “reducing sugars,” 
calculated as dextrose, and sucrose or cane sugar. When the sweetness 
of the blossoms and their attractiveness to honey-bees and other insects are 
recalled, one would expect to find in this class of feed stuffs rather large 
amounts of these carbohydrates. The pentosans are carbohydrates that 
yield in processes of digestion sugars called pentoses. Galactans are closely 
associated with the gums and mucilage-like compounds of plant structure. 
In processes of digestion they probably also yield a sugar called galactose. 
The sugars and starch vary rather widely in amount among individual 
samples of any one kind of legumes; the pentosans and galactans are 
fairly constant in amount. 

It is commonly assumed that the several carbohydrates of plants have 
practically the same value as fat-producing and energy-releasing substances. 
It is possible, however, that with this group, as was the case with the 
proteins, the utilization of each individual carbohydrate by the animal body 
in metabolic processes might repay more extended experimentation than 
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has heretofore been given it. Different legumes, either alone or in mix- 
tures with non-legumes, are not siloed with the same degree of success. 
Alfalfa is probably as difficult and field peas as easy as any legume to silo 
successfully. The presence of liberal amounts of fermentable sugars is be- 
lieved to make for success in the siloing of forage crops. The data on the 
sugars in Table II tend in a general way to support that view. 


Fatty Substances and Crude Fiber. Fat-like compounds of the forage 
crops are even smaller in amount than the data in the column headed 
“ether extract” indicate, for other substances than fats and oils are ex- 
tracted with that solvent, In the grains the amount is appreciable and is 
to be reckoned with in compounding rations. On the other hand “crude 
fiber” or the fibrous portion of stalk and leaf, is large in all forage plants 
and low in the grains. In compounding rations the digestible portion is 
rated as carbohydrate and given the same value as an energy-releasing and 
fat-producing substance. There is a fairly wide range in the crude fiber 
content of samples representing any one kind of forage crop, but in all 
forage crops the crude fiber content is large. 


Ash or Mineral Content. In Table I, under the heading “ash,” is 
indicated the total mineral matter these forage crops contain. Animal life 
is practically dependent upon plant life for the mineral or inorganic por- 
tion of its make-up. Forage crops carry to dairy stock especially a large 
part of the mineral elements required for growth and milk production. 
They are for this class of livestock especially important from the stand- 
point of mineral nutrition. 

Of the ash constituents of feedstuffs, phosphates, lime, magnesia, potash, 
and sulfur, give most concern, furnishing as they do the phosphorus, 
calcium, magnesium, potassium, and sulfur which enter into the make-up of 
bones, flesh, blood, milk and other body secretions. The percentages of 
these elements in forage crops, calculated on the air-dry plant substance, 
on the plant substance with all water removed (oven-dried), and on the 
crude ash are given in detail in Table IV. In view of the great diversity 
of soil types and climatic conditions that prevail within any one of the three 
sections under which the data have been tabulated the wide range in the 
percentages found for each of the several mineral elements in each of the 
forage crops is not surprising. From these data, however, one can calculate 
approximately the amount of the several mineral elements the forage crops 
offer to the animal body when they become a part of the daily ration. 


MINERALS IN FORAGE CROPS ARE. POSSIBLY LOW 


There appears to be a fairly well established conviction among feeders 
of dairy stock in Western Oregon that Valley- and Coast-grown forage 
crops mature with smaller percentages of the mineral elements than the 
same crops east of the Cascades and in the prairie states. In the breeding 
of herds for heavy milk production it is believed by some at least, that 
real difficulty here and there is being experienced in providing rations 
sufficiently high in the several mineral elements to meet fully the animal's 
requirements. At any rate there is in the Valley all too frequently an actual 
physical breaking down of animals in heavy milk production and other 
disturbances—even diseases—not confined alone to dairy stock that serve 
to center inquiry around questions relating to the possible deficiency of 
mineral substances in available rations. The analytical data produced 
here cannot be made to answer positively any of these questions. It is 
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only from analytical work on specific rations fed for specific purposes that 
one can arrive at definite conclusions as to the adequacy or inadequacy 
of their mineral content. The present work emphasizes the necessity for 
just that kind of investigation. In the meantime, in the compounding of 
rations for milk production it might be worth while, as in the case of the 


proteins, to note the calculations on the mineral elements recorded in 
Table V. 


The dairy cow, for example, puts as much phosphorus into 100 pounds 
of milk as there is in 65 pounds of red clover hay, 47 pounds of alfalfa hay, 
44 pounds of vetch hay, 30 pounds of oats, or 31 pounds of barley; as 
much calcium as there is in 11 pounds of alfalfa hay, 13 pounds of red 
clover hay, 17 pounds of vetch hay, 516 pounds of oats, or 716 pounds of 
barley. She puts as much potassium into 100 pounds of milk as she con- 
sumes with 8 pounds of red clover hay, 9 pounds of vetch hay, 8 pounds of 
alfalfa hay, 32 pounds of oats, or 34 pounds of barley; and as much sulfur 
as she gets in eating 7 pounds of alfalfa hay, 13 pounds of red clover hay, 
12 pounds of vetch hay, 9 pounds of oats, or 11 pounds of barley. 


Since, like protein and other organic nutrients, a part only of the mineral 
portion of feedstuffs is retained by the animal body in processes of diges- 
tion, and since again there are needs for the mineral elements for purposes 
aside from milk secretion, it seems reasonable to question whether. the 
heavy producer of milk can really secure from these forage crops enough, 
especially of calcium and phosphorus, to meet her requirements. Feed- 
stuffs are readily available at all points in Western Oregon in the form 
of various concentrates for use in balancing rations from the protein- 
carbohydrate standpoint. There will be greater difficulty in making good 
any deficiency in the mineral elements of standard rations that may be 
established. 
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In the opening paragraphs of this discussion of the forage crops of 
Western Oregon, emphasis was placed on the peculiar and outstanding 
value of the legume crops when used primarily for giving “tone” to newly 
cleared lands and for rejuvenating others that for some reason are in a 
run-down condition. It is explained that the value of the legume over the 
non-legume for soil improvement purposes was traceable to an association 
of bacterial activity and the legume root system from which the legume 
profited by securing the nitrogen it requires for growth, not from the soil 
but from the soil air. When working at its best this association not only 
relieves the soil from the necessity of furnishing nitrogen for the growth 
of the legume but accomplishes an addition of organic nitrogen to the soil 
in amount equal to that built into the legume root system. This of course 
is then available for the succeeding crop and the tendency for nitrogen to 
become the limiting factor in crop growth is to that extent overcome. It 
was further explained that deep-rooting legumes like the clovers and 
alfalfa not only produce a heavy sod but secure during growth from soil 
depths far beyond the feeding range of fibrous-rooted plants large amounts 
of potash, lime, and phosphates, which are left in the surface soil in easily 
available condition for the succeeding crop as the sod decays. For all 
other essential elements of growth the legumes are as dependent upon the 
soil in which they grow as the non-legumes, 
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FURTHER: USECOP TABLES IY 


The analytical data in Table 1V can be used to show not only how much 
of the mineral elements the forage crops carry in rations made up for 
dairy and other livestock, but, approximately at least, the demand they 
make on the soil during growth for the various essential elements. 


It is plain that the tax of the legumes on the soil is heaviest for calcium 
and potassium. The non-legumes—timothy and orchard grass—call for 
approximately as much potassium as do the legumes but for far less cal- 
cium. The soils of Western Oregon appear to be perfectly able to meet 
the heavy demands on them for potassium, but there are some whose con- 
tent of lime in available condition is too small to meet the exacting require- 
ments of legume crops for calcium. Additions of limestone in fertilizer 
form not only give to those soils a needed element of plant food but 
stimulate the associated nitrogen-gathering bacteria to greater activity by 
at least a partial neutralization of soil acids. The nitrogen-gathering bac- 
teria which associate themselves with legumes of different kinds are not 
equally sensitive to the presence of soil acids but there is a limit in the 
intensity of acidity beyond which even the most resistant will not grow. 
Limestone then has a double function in the soils of Western Oregon in 
the growing of legumes. When soil conditions are such that the nitrogen- 
gathering bacteria cannot grow, then legume crops fail of their purpose in 
“toning” up new soils and rejuvenating old ones and become as truly 
exhaustive of soil nitrogen as are the non-legumes. 


Sulfur is required by the legumes and other forage crops in smaller 
amounts than any other essential element listed in Table IV. For some 
reason, however, not perfectly understood but primarily because of the 
rather small amounts of sulfur in some soils, sulfur-carrying fertilizers have 
stimulated them to a remarkable increase in yields of clover and alfalfa. 


On this account largely sulfur is listed in Oregon among other commercial 
fertilizers. 


Table VI was calculated from the original analytical data of Table IV. 
It brings out sharply a fact that is sometimes lost sight of. A given weight 
of any crop represents a perfectly definite draft upon the soil for just those 
elements of fertility that give it value. In good farm practice the net value 
of that draft is reduced appreciably by the careful conservation and return 
of all barnyard manure and litter resulting from feeding operations. Con- 
version of the data into cash values may be accomplished by simple multipli- 


cation when the price per pound of the various fertilizing materials men- 
tioned is known. 


In compiling Table VI there were assumed commercial fertilizers of 
a degree of purity readily obtainable from the fertilizer trade—92 percent 
sodium nitrate, superphosphate carrying 17 percent POs, 90 percent lime- 
stone, sulfate of potash carrying 48 percent K.O, muriate of potash carry- 
ing 50 percent K.O, and 95 percent land-plaster. The legumes, of course, 


for reasons already stated, should be charged only for the mineral elements 
used. 
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THE CARBOHYDRATE FRACTION OF 


LEGUMES, 


FURTHER 


SEPARATION OF THE “NITROGEN-FREE EXTRACT.” PERCENTAGE 
AVERAGES ON OVEN-DRY BASIS. 
Legumes and number | | Reduc- } Not. 
of Where grown | Crude| ing | Suc- Pento-| Galac- | deter- 
os determinations | fiber | sugars| rose |Starch| sans | tans |mined 
Alfalfa (4) | Valley section | 33.15 |“ 1.73 | 3.99 | 2.33 | 15.85 | 2.68 | 17.53 
Alfalfa (5) So. Oregon 33.83 1.14 4.48 326°) 15.35 O07 TIM ESs04 
Clover, red (9) Valley section | 26.65 5.14 6.22 2.25 | 14,11 2.22 | 24.07 
Clover, red (2) Coast section | 32.49 PE) 1.58 1.40 | 14375 2.64 | 20.84 
Clover, red (3) So. Oregon 27.93 3.20 4.07 DiGe> We Loves 2:96 |) 22205 
Clover, alsike (3) Valley section | 30.02 4.33 3.87 S06) |e Laers. 2.98 | 22.05 
Clover, alsike (4) Coast section | 32 87 2.64 2.26 Se NL Ses 4.47 | 16.68 
Clover, alsike (1) So. Oregon 31.16 Selle 3.08 Usilgy |) SUSE 2560 Nesers 
Clover, yellow (1) Coast section 34.64 5.46 ANS Pee Tene ERY) 1.88 | 18.90 
Vetch, common (15) | Valley section | 27.08 3.34 6.29 6.35: || 15.33 1.67 | 18.04 
Vetch, common (1) | Coast section | 35.62 4.08 2.50 3.01 14.04 2:52 seas 
Peas, Canada field (2)| Valley section | 22.10 106s es 4220) |p osaled2.30 Al Coys life PASSoRAS3 
Peas, Canada field (1)] Coast section | 26.13 9.45 4.98 VAG el ayant 3 2s Wy 15.32 
Peas, Tangier (1) Valley section | 28.82 2.38 5.51 i kee GEL cs 221 Ne ZO On 
TABLE III. AVERAGE WEIGHT IN POUNDS OF NUTRIENTS IN 100 
POUNDS OF CROP AS ORDINARILY FED. CONDENSED FROM 
TABLE I. 
| No. of Crude | Crade | Ether | Carbohydrates 
Crop Section |analysis| Water | ash or | Protein] extract oe 
laveraged jmineral| Nx6%| “‘fat’’ | Crude | N-free 
) |matter | | fiber |extract 
Legumes J 
Alfalfa | Valley a 7.92 6.91 12755 1.09 | 30.90 | 40.63 
Alfalfa Southern Oregon 5 6.67 7.47 | 14.17 1.33 | 31.68 | 38.68 
Clover, red Valley 19 8.03 6.08 10.23 1S 826,55 ae47260' 
Clover, red Southern Oregon | 3 7.29 (BI |) Aye 2.10 | 26.21 | 45.06 
Clover, red Coast 2 6.46 Teed lees 1.73 | 30.40 | 41.26 
Clover, alsike | Valley 8 8.21 6.90 9.28 1265 | WSOs62N4onZe 
Clover, alsike | Southern Oregon 1 | 6.24 6.17 | 10.06 1.80 | 29.21 | 46.52 
Clover, alsike | Coast 4 6.99 7.3604 LES2 1.37 | 30.58 | 41.88 
Clover, white | Valley 2 9.66 8.09 | 12.37. 1.41 | 22.28 | 46.19 
Vetch common] Valley 35 8.36 6.10 | 13.26 197 9|/ 25-80) | 45.00 
Vetch common| Coast 1 7.36 | 6.98 14.07 AO) Se OKO) Nh SiVsesl7/ 
Vetch, hairy | Valley ] 7.05 6.30 | 12.62 1837 1/925. 835 47232 
Vetch | 
Hungarian | Valley 1 | 9.08 7.52 | 14.40 1.80 | 29.00 | 38.20 
Peas, Canada | | 
field Valley a 7.80 6.35 13.82 aah 20.39 50.27 
Peas, Canada 
fiel Coast 1 9.49 4.81 13.98 1.08 23.64 47.00 
Peas, Tangier | Valley 2 7.41 7.29 | 10.96 1.06 | 27.25 | 46.03 
Peas, Wild Valley l 7.29 4.46 | 15.74 SS || Doms) | SEs 
Non-Legumes 
Rye Grass Valley 3 8.20 5.96 4.34 1.02 | 30.54 | 49.94 
Mesquite Valley 3 7.93 5.78 575 1S 19 (BS Zalet es 
Timothy Valley el 7.04 4.42 5.74 1.33 | 34.86 | 46.61 
Orchard grass| Valley y) 7.43 4.71 4.57 98 | 35.98 | 46.33 
Redtop Valley 2 | 8.09 7.40 4.09 1.16 34.59 | 44.67 
Redtop Coast 1 8.13 ee 7.62 2.12 | 26.94 | 49.46 
Oat grass, tall| Valley 2 7.49 4.76 4.78 | 1.190 | 34.76: || 47202 
Corn, 
whole plant | Valley 1 9.44 5.47 9.80 ee) | Aerriltey | a4! 
Silages 
Corn Valley 5 79.18 LS 1.85 pais} 4.53 12.54 
Corn* Coast 1 72.64 1.81 4.57 Se 9.24 | 11.48 
Sunflower Valley | 5 81.52 1.87 1.99 65 4.97 9.00 
Sunflower Coast 1 83.38 1.58 1.95 .47 4.61 8.01 
Oats and | 
Vetch Valley 2 73.58 1,92 2.14 60 8.85 | 12.91 
Barley and 
Vetch Valley 1 70.15 | 1.96 | 2.97 64 | 10.42 | 13.86 
Oats & peasi} Coast ] 62.42 3.44 3.30 3 10.21 19.28 
Horse Beans| Valley 2, 76.02 1.44 3.84 -50 6.73 11.47 
Horse Beans] Coast 1 84.25 1.29 2.15 61 3.80 7.90 
Grains | | 
Wheat Valley 3 10.11 OSes OS 1.58 3.06 | 72.29 
Oats Valley 5) 9.07 3.45 10.86 4.24 12.80 59.58 
Barley Valley 9 10,34 2.38 | 11.24 1.50 wee | 70.70 


* Frosted. 
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TABLE V. WEILGHT OF CROP IN POUNDS REQUIRED TO EQUAL IN PRO- 
TEIN AND THE MINERAL ELEMENTS AMOUNTS OF THE SAME 
SUBSTANCES IN 100 POUNDS OF MILK. CALCULATED FROM ANA- 
LYTICAL DATA IN TABLES I AND IV. 


For | For For For For For 


Crop Section [| protein |phosphorus| calcium |magnesium] potassium sulfur 
N 1%) Ca | Mg K 
Legumes 
Alfalfa Valley 30 | Vie 11 5 9 7 
Alfalfa Southern | 
Oregon 27 49 10 4 9 6 
Clover, red| Valley er he) | 65 13 4 9 13 
Clover, red| Southern . | 
Oregon 30 55 11 3 9 8 
Clover, red| Coast 31 63 1l 3 6 13 
Clover, j 
alsike Valley 41 | 50 16 5 4 11 
alsike Southern 
Oregon 38 | 60 | 18 4 8 9 
alsike | Coast 32 56 | 20 3 5 11 
Vetch, | 
common | Valley 29 44 18 5 9 43 
Peas, field | Valley 27 42 13 5 10 12 
Peas, field | Coast 27 Sil 20 5 | 10 9 
Non- 
legumes 
Timothy Valley 66 62 | 182 27 12 16 
Orchard i 
grass Valley 83 Ui 170 19 9 25 
Grains | 
Oats Valley 7 SS 29 | 516 35 | 35 | 9 
Barley Valley 54 31 716 26 36 11 


* Grain only. 


TABLE VI. FERTILIZING MATERIALS IN POUNDS REQUIRED TO RE- 
PLACE IN THE SOIL NITROGEN AND OTHER ESSENTIAL ELEMENTS 
USED IN THE PRODUCTION OF ONE TON OF AIR-DRY LEGUME OR 
OTHER FORAGE CROP. 


=I 2) a & 
| | 8 | sb | Ele | a2] = 
fees alll ae 2) | pie ees : 
3 ao S ro a8 Na 
Sts 2 | - as ries oy 
\ SS | o aa ces 

Crop Section Ae 25 ga ° * - 3 | 8 

5 Sonne nte 28 Sees 

at +e) o a ots as] 

eee A) esse ae 5 3 I 

a n es a a =) 
\ INA: Ca K Kk Ss 
Alfalfa Valley 267 60 64 86 83 17 
Alfalfa Southern Oregon 302 56 70 85 81 19 
Clover, red Valley 218 43 54 80 rf | 10 
Clover, red Coast 263 44 66, \— L112 108 10 
Clover, red Southern Oregon 273 Sk 64 83 80 | 15 
Clover, alsike Valley 197 55 46 102 98 12 
Clover, alsike Coast 252 50 36 137 132 12 
Clover, alsike Southern Oregon 215 46 41 96 92 14 
Vetch, common Valley 283 62 41 79 76 10 
Peas, field Valley 295 66 54 78 ee | 11 
Peas, field Coast 299 54 Som 73 70 15 
Timothy Valley 123 45 4 60 58 8 
Orchard grass Valley 97 38 4 86 83 5 
Sunflowers Valley 211 52 44 185 178 13 
Wheat * Valley REZ 93 5, 24 Ze le 
Wheat * Southern Oregon | ...... 98 3 22 21 13 
Oats * Valley 232 95 2 a1 20 14 
Barley * Valley 241 91 1 20 19 12 
Barley * Southern Oregon 221 110 1 27 26 11 
Coro Valley?) SSS a al eee 85 1 16 15 12 


*Grain only. 
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Fattening Lambs on Alfalfa 


By 
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Lambs fed in the open at the Umatilla Experiment Station, 1922-23, made rapid 
and economical gains. 
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SUMMARY 


The ideal feeder lamb is a thrifty, healthy lamb, weighing not 
less than fifty and not more than sixty pounds. 


Good thrifty lambs will gain one-third pound per day and will 
be fat in from forty to ninety days. 


It requires three hundred pounds of grain and nine hundred 
pounds of alfalfa to put on one hundred pounds of gain with fatten- 
ing lambs. 


The standard ration on the alfalfa farms is one pound of whole 
grain and three pounds of alfalfa. 


One ton of grain is worth three tons of hay for fattening pur- 
poses. 


Lambs may be fattened on as little as three-fourths pound of 
grain per day, when grain is expensive, or as much as one and one- 
half pounds per day when grain is cheap. 


Barley, wheat, oats, corn, or any mixture of these, are good for 
fattening lambs. 


Grains are best fed without grinding and hay without chopping. 


Silage has a feeding value of from forty to seventy percent that 
of good alfalfa hay, depending upon the kind and quality of the 
silage. 


The cost of shipping to Portland is $0.75 to $1.25 per one hundred 
pounds. 


The average increase in price of lambs on the Portland market 
during the winter season is forty-three cents a month. 


The normal margin in fattening lambs, including improvement 
in quality of the lambs and raise in the winter market, is ‘one dollar 
to three dollars per hundred pounds. 


Fattening Lambs on Alfalfa 


By 
E. L. POTTER and H. K. DEAN 
INTRODUCTION ‘ 


This bulletin is aimed to give to the alfalfa raisers of Eastern Oregon 
the essential facts of the lamb fattening industry as conducted on the 
farms in that section of the state. It is especially our object to show what 
can be reasonably expected of lamb fattening as a means of marketing 
surplus alfalfa hay and the manner in which the largest possible amount of 
alfalfa hay may be utilized in the most efficient manner. It is not the ob- 
ject of this bulletin to boost or to discourage the lamb fattening industry, 
but rather to put in simple, condensed form the essential facts from which 
every alfalfa producer may base his own decisions. 

This bulletin, however, does not apply to the big commercial lamb 
feeder in Portland and neighboring points, who is fattening lambs on a 
heavy feed of screenings or grain, and using a very limited amount of hay. 

The facts given in this bulletin are based upon experiments conducted at 
the Experiment Stations at Hermiston and Union, and experimental data 
from other states, in so far as they may he applicable to Oregon conditions. 


BUYING FEEDERS 


The ideal feeder lamb is a thrifty lamb weighing about 55 pounds, 
smooth and blocky in his conformation, and carrying a good deal of black- 
faced blood. In actual practice this ideal is not always obtainable, but the 
first two points, of thrift and proper size, are absolutely essential. One 
can sometimes get satisfactory results on lambs of poor conformation and 
breeding providing the lambs are thrifty and of the right size and bought 
at the right price; but lambs that are puny, stunted, wormy, and diseased 
are not worth feeding. Since feeder lambs are often those left after the 
fat lambs have been taken out of the flock the buyer of feeders cannot be 
too cautious. Good feeder lambs must also be small enough, so that they 
can be made fat before they weigh more than eighty pounds. Fat lambs 
weighing over eighty pounds will not bring as good a price as the smaller 
lambs and when they get up to ninety or one hundred pounds the cut in 
price is usually very heavy, regardless of their condition or quality. Since 
it usually takes twenty to twenty-five pounds of gain to make the lamb 
fat it will be seen that he must not weigh over sixty pounds at the start, 
unless he is already half fat. On the other hand, it is possible for a lamb to 
be so small that it will take too long and too expensive a feeding period to 
put him in market condition. It is generally considered that fifty pounds 
is about the minimum size for good feeder lambs, but if the lambs are 
thrifty, those as small as forty pounds may be fattened successfully. At 
the Umatilla Branch Experiment Station, last winter, fifteen lambs were 
culled out of a bunch of two hundred and fed separately. They seemed 
reasonably thrifty, but lacked breeding and quality, and weighed only 41 
pounds at the start. They gained .31 pound per head per day, while the 
better lot from which these were culled weighed 49 pounds at the start and 
gained .33 pound per head per day on the same kind of feed. While the 
small lambs fattened more satisfactorily than was expected, the larger 
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lambs required nine percent less feed per pound of gain and were better 
lambs when finished. It was estimated that they were worth, when finished, 
sixty-seven cents per hundred pounds more than the cull lot. Considering 
all these differences when the good lambs cost ten cents per pound at 
the start the cull lambs should have been bought for 8% cents. Our con- 
clusions, therefore, were that lambs as small as forty pounds could be 
fattened satisfactorily, but that they should be purchased at a considerably 
reduced price. 


On the other hand, some of the exceptionally large lambs fed at the 
Experiment Station at Union have sold at a discount on account of their 
large size, in spite of the fact that they were very choice in quality, breed- 
ing, and condition. 

When lambs come in from the range in the fall those that weigh seventy 
pounds, or over, are, or should be, fat enough for slaughter. The smaller 
lambs will be cut back and used for winter feeding, while those that are 
very small and weigh less than fifty pounds are usually held over and 
marketed as yearlings. Lambs of good black-faced breeding that were 
lambed on hay before the grass season, and have been on reasonably good 
range will be fat enough for slaughter, and it will be only the less thrifty 
ones that will be cut back for feeding purposes. Lambs that were lambed 
on grass, instead of very early on hay, will in most cases, have a much 
smaller proportion of fat lambs in the fall and a higher proportion of 
feeders. The feeders will, also, be of better quality. Lambs that have been 
dropped late and that contain a high percentage of Merino blood will 
practically all be feeders, except those that are too small for feeding pur- 
poses and have to be carried over as yearlings. Late lambs and lambs 
from districts of scanty feed usually make good feeders, but an early lamb 
that has had good feed all summer and is still not ready for slaughter, very 
likely has something wrong with him. 

A lamb of black-faced or long-wooled breeding is usually to be pre- 
ferred when other things are equal, but the other things are not always 
equal and the top of a bunch of fine-wooled lambs will commonly be more 
satisfactory in the feed lot than the cut-backs from a black-faced band. 
In the matter of breeding, therefore, the buyer must often compromise be- 
tween what he would like and what he can get. In the matter of weight 
and thrift, however, he can afford to make no compromises. If the lambs 
are unthrifty they will not gain, and if they are too large they will not sell. 
On the other hand, almost any thrifty lamb weighing around 55 pounds 
can be made into a market topper in sixty to ninety days. Condition is 
also an item in determining the price. A lamb that already carries a good 
deal of fat can be finished in less time and with less expense than one 
that is very thin, and he will, therefore, command a higher price. 

In buying lambs it should be remembered that while a standard-size 
double-deck car will accommodate three hundred or more feeder lambs, 
it will not take care of them after they are fat. Two hundred and fifty in 
a car will be plenty then, and if exceptionally heavy and carrying a large 
amount of wool, two hundred may be enough. In weight the average car 
will carry 20,000 to 22,500 pounds. 

Before lambs go into the feed lot they should be thoroughly examined 
by a veterinarian or competent sheep-man and if not free from ticks, scab, 
lip and leg ulceration, and other troubles, should be dipped and given such 


other treatment as may be necessary. Feeding ticky or diseased lambs is 
a waste of feed. 


7 
EQUIPMENT 


Feed yards for lambs must necessarily be located on reasonably dry, 
well drained ground, and in most cases, must be fenced dog tight. If they 
can be located where well protected from severe winds and storms so much 
the better. It will not ordinarily, however, be necessary to provide barns 
or sheds. In three tests at Union it was found that there was very little 
difference between feeding lambs in the open and giving them access to a 
good shed. A shelter shed 16x50 feet in dimensions, returned a profit of 
$31.50 for three years’ use, which would offer no profit over interest and 
depreciation. 

The lambs used the shelter freely during wet, stormy weather, but were 
indifferent to it during cold dry weather. The lambs fed in the open, 
without shelter, made rapid and economical gains, and were well finished 
at the end of the tests. (See Oregon Station Bulletin 175.) 

Twelve to fifteen square feet of lot room, exclusive of feed racks and 
troughs, is sufficient, although most lots are made three or four times this 
large. Exclusively large lots are not only unnecessary, but are hard to keep 
clean, and much of the manure is wasted. 


9" SPACE FOR LAMB TO EAT THROUGH 


SS aa Ni 2 > pe Pe 


Fic. 1 FANEL For FEEDING ALFALFA To FATTENING LAMBS. 


Where aifaifa is the chief feed the most popular method of feeding the 
hay is by an arrangement of panels set at right angles to each other, as 
is shown on the cover. These panels are made of one-by-six fence 
boards with a twelve-inch board at the bottom. The second board is nine 
inches above the bottom board, and the lambs feed by putting their heads 
through this nine-inch space. A third and even fourth board are added to 
give the panel the desired height. (See Fig. 1.) The hay is placed in 
piles outside of the lot and small quantities pushed up to the panels three 
or four times a day. Lambs will not eat large quantities of hay if given 
fresh hay only once a day. The amount of panel space is usually estimated 
at one foot for each lamb, but on account of the space lost in the corners 
this is hardly enough and one should figure on about ten lambs to each 
twelve feet of panel. 

The best grain trough is one about twelve inches wide, three to four 
inches deep, and placed twelve inches from the ground. It should also 
have a bar along the top to prevent the lambs from jumping into it. This 
kind of trough is strong and simple and may be turned over on its side for 
cleaning. (Fig. 2.) These troughs should be in a separate pen into which 
the lambs are turned after the feed has been distributed. About twelve 
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inches of space on one side of the trough is required for each lamb. It 


is important to have about the right amount of trough room. If too much, 
the greedy lambs get a second helping; if not enough, the weak lambs 
will not get their share. 

Plenty of good, clean water and salt must be provided so that the lambs 
can have easy access to them at all times. In very cold weather tank 
heaters placed in the water troughs are of great assistance in preventing 
freezing. Warm water, however, is not necessary. There is a lot of 
argument about water, but the essential thing is clean water where the 
lambs can walk up-and take a drink at any time without wading in the 
mud or slipping on the ice. Creeks and ditches are seldom very satis- 
factory on account of the difficulty the lambs have in getting to them in 
muddy or icy weather. 


aie x pomx lon 


UXT4>x 12" FOR SIDES 
1X 12x 12" FOR BOTTOM 


Fia 2 GRain TROWGH For FATTENING LAMBS 


FEEDING 


If proper feed trough space has been provided, lambs can be started 
on one-fourth pound of grain a day without the slightest danger. In two 
of our tests the lambs were started on oats and then changed to barley, 
but this did not seem necessary, as the lots started on barley never gave 
any trouble. When once started on grain, increases may be made at the 
rate of 1-10 pound per day. Grinding grain for fattening lambs is not 
advisable, although it may pay to both grind the grain and chop the hay 
for old ewes with broken mouths. Feed troughs should in all cases be 
turned over and cleaned every day. Lambs will not eat from dirty troughs. 
The grain must be very evenly distributed in the troughs before the lambs 
are turned in. If not evenly distributed, or if there is too much or too little 
trough room some lambs will get too much and others too little. The 
lambs must be fed at the same time each day as they are very sensitive to 
the least irregularity. If these simple precautions are followed to the 
letter the newest amateur should get good results: good gains and no 
lambs off feed. 


LENGTH OF THE FEEDING PERIOD 


‘Any lamb worth feeding and on good feed will be fat in ninety days 
and as large as the market will stand; while extra large, fleshy feeders will 
be ready for market in forty to fifty days. The large proportion of the 
lamb feeding is from sixty to eighty days. Of course, if the lambs are fed 
only hay for awhile, that time should not be counted, as the lambs do not 
fatten on hay alone. Lambs are often fed hay alone, or a very light ration 
of grain and hay, in order to hold them for a later market. This is done, 


however, with full knowledge of the fact that a better and cheaper finish | 


may be made with a heavier feed. 


2 
HAY 


On the farms of the Northwest, alfalfa is practically the only kind of 
hay used in fattening lambs and is likewise the only kind that should be 
used for that purpose. The use of a good legume hay is more important 
with lambs than with any other animal. To attempt to fatten lambs with 
wild hay, grain hay, or timothy would be a serious mistake wherever it is 
the object to feed as much hay and as little grain as possible. 


_ The method of feeding hay has already been outlined. In some places 
the hay is chopped before being fed. If the hay is carefully handled it is 
probable that the cutting increases its value somewhat, although the tests 
on record have so far failed to show any real advantage from cutting or 
grinding, except for old ewes with bad teeth. The quality of the hay is, 
however, of considerable importance and hay that is bright and palatable 
will produce larger gains and save grain. In two years’ tests the Irriga- 
tion Branch Station at Prosser, Washington, found that second cutting 
was a little less palatable and made slightly less daily gains than first or 
third cutting. In the final cost per pound gain, however, there was but 
very little difference. The difference between cuttings is doubtless largely 
a local question and depends greatly on the way the hay is put up and 
handled; but it is fairly safe to say that the first cutting is the best with 
the third very close behind. The second cutting is not quite as good as the 
other two, but may nevertheless be used for fattening purposes with entire 
satisfaction. 


Amount of Hay. On the farms of Eastern Oregon, alfalfa is usually fed 
in just as large quantities as the lambs can be induced to eat. The skill of 
the feeder is often measured by the amount of hay he can get the lambs 
to eat. The amount fed will vary from two to four pounds, depending 
upon the size of the lambs, kind of hay, other feed, and weather conditions. 
With one pound of grain the hay fed per day will usually be about three 
pounds. 


Waste Hay. All of the figures used in this bulletin are based upon the 
total amount of hay fed. Where the lambs are fed all the alfalfa hay they 
can be made to eat there will be a considerable proportion of stems and 
coarser hay that will be refused. This waste or refuse hay will average 
about twenty percent. It is often a temptation to force the lambs to eat 
up all this hay, but this is poor policy and usually results in unsatisfactory 
gains. This refused hay, while entirely unsuitable to lamb fattening does 
make a very satisfactory feed for wintering stock cattle or horses. Horses 
in the winter time will do splendidly on the hay cleaned out of the feed 
racks. For this purpose the refused hay may be considered to have a 
value of at least fifty percent of that of good hay. 


KINDS OF GRAIN 


Any of the common cereals, as well as screenings and other by-products, 
may be used for lamb feeding purposes. The feeds available to the farmer 
of the Northwest are chiefly barley, wheat, and oats, and corn in some 
years when the prices are right. Any one of these four, or any mixture of 
them, will give satisfaction for lamb fattening providing it be fed unground 
and in reasonable amounts, along with good alfalfa hay. In a test recently 
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conducted by the: Umatilla Branch Station at Hermiston comparing corn, 
-wheat, barley, and oats the following results were obtained: 


TABLE I. FEEDING CORN, WHEAT, OATS, AND BARLEY TO FATTENING 


LAMBS 
Lot 1 Lot 2 Lot 3 Lot 4 
corn wheat oats barley 
Wieightsat beginiin gamete:..ccccenee oes ees 52.4 51.5 S251 48.9 
Weight at close ; 86.0 85.0 82.0 
Motal’ gain sc=.-c---: F 34.5 VAS) 33.1 
Daily gain gee cee 3 F .348 .332 334 
Hay offered—daily ration ...... Ee eee aR: 3.32 3.19 2.92 3.00 
Hay refused ............ wy acres co rere: Bos SURE et te .90 81 79 .83 
Hay consumed eae! Lae 2.42 2.38 Zale 2.17 
COPE Fil, eee aE I Oe ae ee PAR Sree Es 95 95 95 95 
Feed per 100 pounds gain 
EL ry Wee eee ee no Oe en od eee eee 905 939, 879 898 
(GHENT bat Sonne hy Sacre treni ee eee ee R25 259 279 285 283 


From this it will be seen that all four grains gave entire satisfaction. 
Comparing the other grains with barley we find that the corn was worth 
eight percent more, wheat three percent less, and oats practically the same. 
Other tests conducted at various places throughout the country indicate 
that on the average barley is probably worth ten to twelve percent less for 
lamb fattening than the number three corn, which we commonly get in 
the Northwest. If compared with a strictly high grade corn the difference 
would probably be twelve to fifteen percent. While wheat in this test 
proved sligthly less valuable than barley it has in most cases proved a 
better feed than barley and but very slightly inferior to corn. Oats are 
commonly looked upon as unsatisfactory for fattening purposes; yet they 
gave satisfactory results for fattening lambs. Tests conducted at other 
stations confirm our own tests and indicate that oats are similar in fat- 
tening value to barley. A mixture of grains, however is usually better than 
any one grain alone. The important fact shown in this test, however, is 
that all four grains, fed whole and in moderate amounts, together with all 
the alfalfa hay they would eat, gave good daily gains and produced a good 
finish. These results were fully as satisfactory as those obtained in the 
corn belt where the lambs were fed all the corn they would eat, together 
with a less palatable and nutritious hay. The choice of grains should there- 
fore depend entirely upon the purchase price. 


Amount of Grain. The amount of grain that may be satisfactorily fed 
to fattening lambs varies from 34 pound per head per day, up to all that 
they will eat, which will be about 1% pounds. If fed less than 34 pound the 
lambs will not fatten readily and at the end of the feeding period will be 
found to have grown a little in size, but not to have improved in condition. 
Three-fourths pound will make them fat, although we usually recommend 
one pound. Whether to feed a larger amount than one pound will depend 
upon the relative price of hay and grain. We usually figure that one pound 
of grain is worth three pounds of hay and if the grain does not cost more 
than three times the price of hay it would be advisable to feed all the 
grain they would eat. The cost per hundred pounds would be about the 
same and the lambs having the larger amount of grain would probably sell 
a little better. Where the price of grain is as much, or more, than four 
times the price of hay it is best to limit the grain to not over one pound 
per day. In all cases the lambs should be started on a small amount of 
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grain and worked up gradually; one-fourth pound per day is about right for 
the first day. As soon as all the lambs are eating, which is usually the 
first day, the amount of grain can be gradually increased at the rate of not 
over 1-10 pound per day until the ration reaches one pound. It can then 
be left at this figure for the remainder of the time. The grain is ordinarily 
fed in two feeds—one-half in the morning and one-half in the evening. 


SILAGE 


Silage has proved a very satisfactory feed for fattening lambs, but since 
it must be used as a substitute for hay rather than for grain, and since its 
use does not increase the daily gains or the finish of the lambs it has not 
given such phenomenal results with lambs as it has with fattening steers. 
Besides corn silage we have available, especially in the higher altitudes of 
Eastern Oregon, peas-and-bald-barley silage, and sunflower silage. These 
silages have been given careful tests through two or more years at the 
Eastern Oregon Branch Station, at Union, with the results shown below: 


TABLE II. AVERAGE OF 1918-19 AND 1921-22 TESTS ON FEEDING PEAS- 
AND-BALD-BARLEY SILAGE TO FATTENING LAMBS 


Lite Lot 2 
alfalfa and barley alfalfa, silage, and barley 


Weight Atm DER III Or me teereet sey ee eet ee cena. ereeus 82.1 
Wiel piatratsClOS@ 2-2... se sseee seus, Ree ee eet ce ae ee LOL: 103.6 
20.6 


“After tego ee : 21a7 
Daily gain nc ky PO eee ; .266 .28 
PMIPAITAN OM CLOG Sones -nc(G-o.tecesteestecrapente Bf reer ae : 2.29 1.96 
PAUL T Umma OUUIS © Caereees ere er eee tee exe sees see ee aa 483 235 
PN Pal Rc RC OTIS UTE C Cl esee eter eereen coerce cee teeseee ne oe eee oe 1.96 1.61 
RS ALES pee peor ee ceases er sae? We cacao re ain saves we eeehe see es 1.0 1.0 
SUURARSH coe oy aoe nex aca OO ee Sehr A Fe eR ee ame, ost 1.0 
Feed per 100 pounds gain: 

Alfalfa offered 861 700 

Brat le yi csF ee pocee a 372 354 


FLOWER SILAGE TO FATTENING LAMBS 


Lot 1 Lot 2 


alfalfa and barley alfalfa, silage, and barley 

Neer tit sed GU © NN TUMH) eres Peer cca ercee sects eeeteees eneeyeeec oc cer ears USS 73.8 
WWTET oO Inte ALE CLOS Ci tece nee ctes ace areac reese wees vates ai tepat ie 93,7 94.3 
Mota Wee alia) rere. se cnet es eS ober’ 20.0 20.6 
MBROt yan A LE een eo ee eee cere nee nee ates eae wees .246 254 
Alfalia oftered —-....-.- Be Sane bese GS 2.14 
Pitaltaeterused 9. eae aoe oan case nea eo Sose ee Ee py 35 
Alfalfa consumed ............. ch EERE cay 2.08 1.80 
IRR Ac Je cepa ween Seo ere rree eter eacelcceeaee 1.0 1.0 
SLAG Gy fo sence. ceasch san Peis Pes ae peeps ees 1.0 
Feed per 100 pounds gain: 

Alfalfa offered 846 

1Biatel Cyrus ceaceeenaterscs : 390 


SL arte ten core enna ear eee ge aes erates 385 


In these tests it will be seen that silage increased the gains only very 
slightly. One ton of peas-and-bald-barley silage replaced 1229 pounds of 
alfalfa hay, or in other words, had 61 percent of the feeding value of alfalfa. 
In the case of sunflower silage one ton of silage replaced 862 pounds of 
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alfalfa hay, and shad, therefore, 43 percent of the feeding value of the 
hay. Other tests indicate that corn silage of the variety commonly grown 
in the cool climates will have a value slightly less than peas-and-bald-barley 
silage; while corn silage grown in the lower altitudes where the grain is 
well matured, will have a feeding value somewhat higher. One ton of 
strictly first-class corn silage may be considered as having sixty to seventy 
percent of the value of one ton of good alfalfa hay. It will be understood, 
however, that silage from any crop varies greatly in feeding value, even 
when preserved. Silage with a lot of mature grain in it will have a high 
value, while silage made.from immature, watery material will have a low 
value. On the basis of .these figures the corn-belt farmer is justified in 
using as much silage as possible, but in Eastern Oregon where hay is so 
much easier grown than silage the growing of silage extensively for feed- 
ing lambs is not usually to be recommended. 


Perhaps the chief reason why we do not need silage is that in alfalfa 
hay and the common Eastern Oregon cereals we already have a ration 
that can scarcely be improved. 


MARKETING 


Nearly all of the lambs fattened in Eastern Oregon and put on the 
narket during the winter and early spring, are shipped to Portland; some 
are sold on the home ranch, but these, ordinarily, are bought by shippers 
who in turn send them to Portland. Where the lambs are sold at home 
and weighed out of the feed lot full of feed and water it is customary to 
dock the weight about four percent. In case the lambs are shipped to 
Portland they are given what feed and water they wish at the stock-yards 
and sold full without dockage. In spite of this, however, there is a heavy 
loss of weight between the home feed yard and the Portland market and 
this will generally range from about 4% percent to 7 percent, based upon 
the full feed yard weight. The lambs fed at Hermiston last year shrank 
4.4 percent. Lambs shipped during the last seven years from Union have 
shrunk from five to seven percent. As previously stated, where the lambs 
are sold at home it is usually customary to dock the weight four percent, 
so that the difference between the selling weight at Portland and the 
weight at which they would be sold at home will generally be from ™% to 
3 percent. 


In addition to freight, the shipping expenses include commission, yard- 
age, and feed in Portland, generally amounting to $45 to $50 a car-load, 
the expenses of a man to take care of the stock enroute, and the shrinkage. 
Lambs will have to sell at from $0.75 to $1.25 per hundred more in Port- 
land than at home in order to cover the expenses of shipping. This is 
without allowing salary for the man in charge; if the latter is allowed, the 
margin will be somewhat greater. It is never possible to forecast exactly 
the expenses since the shrink will generally vary considerably without any 
apparent reason. A rough average, however, would be to figure the shrink 
on a two-hundred mile shipment at four to six percent of the full feed 
yard weight; and for three-hundred miles at five to seven percent. For 
longer shipments, such as to Missouri River markets or Chicago, the shrink- 
age will be about ten percent. 


Top prices for lambs in Portland are usually not hard to obtain. Lambs 
that are fat enough to kill well and that are within the required weights 
will ordinarily bring the top price. Naturally, however, when lambs are 
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scarce the buyers are less particular and when they are plentiful they are 
extremely particular. 


The average monthly prices on lambs at Chicago and the average top 
prices on lambs at Portland are shown in the accompanying chart. 


GHAKT iL 
Monthly Lamb Prices at Chicago and Portland 


For twelve Years 1910 ~ 1922 Inclusive. 
(Upper) Average of Monthly Chicago Lamb Prices. 
(Lower)Average of Monthly Top Lamb Prices at Portland. 
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It will be noted that in Portland there is a normal tendency for lambs 
to increase in price from October to April. This increase has averaged 
through the past twelve years, 43 cents a month. It should be understood, 
however, that this average increase of 43 cents a month is only an average 
and that in reality there have been many exceptions. We would assume 
that during the three months winter period, from November to February, 
the price of lambs would improve $1.39 a hundred pounds. The actual 
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difference, as nearly as the figures can be estimated for the past few 
winters, is as follows: 1914-15, $1.62; 1915-16, $1.38; 1916-17, $1.12; 1917- 
-18, $0.75; 1918-19, $1.87; 1919-20, $5.50; 1920-21, $0.75 decrease; 1921-22, 
$3.87; 1922-23, $1.87. The year 1920-21 was peculiarly treacherous. The 
lambs fattened and marketed early made a fair profit, while those marketed 
late stood tremendous losses. During the month of February when lambs 
ordinarily are expected to increase in price the price went down $3.00. 
The next year, however, was remarkable in the other way and many lambs 
were put on feed at 5c and 6c and sold at 12c. 

The lambs usually have to come off the grass in November and if put 
on feed at that time would be ready for market in February. The market 
chart indicates, however, that April is ordinarily the best month in which 
to market fat lambs. As a general rule, fat lambs held until the late market 
cost enough more to about offset the additional price. It will be noted 
that the spread between Portland and Chicago prices is greatest in the 
summer and least in the late winter and early spring, which, of course, 
accounts for the fact that during the summer Oregon ships most of her 
lambs East, while in the winter most of them go West. 


FINANCIAL DISCUSSION 


The question of profit or loss is always the most vital one to the stock- 
man or feeder. The fluctuation in the market during the time the lambs 
are on feed will always be the most important factor in determining the 
profit or loss of the feeding operation. In addition to fluctuations in the 
market there will always be some variations in the quality of the feed, the 
weather, and the feeding quality of the lambs. When we take a consider- 
able number of lambs through a period of years, however, we find that we 
can forecast very accurately the amount of feed needed and the gains that 
will be made. Therefore, if we know the price of the feed and the price of 
the feeder lamb, we can forecast very accurately the cost of the finished pro- 
duct, although unfortunately we cannot forecast the price that will be 
received. When on full feed a lamb will require about 3 pounds of hay and 
1 pound of grain a day and on this feed should make a gain of % pound a 
day. This means that 300 pounds of grain and 900 pounds of hay will be 
required to produce 100 pounds of gain. Where the lambs are not on full 
feed, or where the feed is not strictly choice the gains will be slightly less 
than this. An average of all the grain and alfalfa tests on record shows a 
daily gain of .31 pound and a feed consumption of 2.8 pounds of alfalfa 
and .93 pound of grain. The feed per 100 pounds of gain would be the 
same in this case as quoted above; that is, 300 pounds of grain and 900 
pounds of hay. On this basis where a 55-pound feeder lamb costs 10c a 


pound, alfalfa $10.00 a ton and barley $30.00 a ton, the cost of the finished 
lamb may be figured as follows: 


Cost of 55 pound feeder lamb at $10 per 100 uouuse 
Interest on above at 8% for 75 days . A 

MIS GRU 2h oh tT at NI / ene ere een ne an ncaa sa erence in ey ee Oe ee. 
225 pounds of alfalfa (3 pounds a day for 75 days) at $10 a ton 
75 pounds of barley (1 pound a day for 75 days) at $30 a ton 
Labor at $5 a day for 1000 lambs ............ 

Lumber, dip and incidentals 


Final scost, per! ‘head s\.cc2 ieee ss eee ee oe ee 
Gain per head 25 pounds 
Final weight per head ............. 80 pounds 
Final cost per 100 pounds 
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This means that a lamb costing $10.00 a hundredweight must, at the 
feed prices quoted, sell for $10. 46 a hundredweight after 75 days feed, in 
order to pay for feed, interest, insurance, and labor. These are farm prices; 
if the lambs are bought or sold at more distant points, allowance for ship- 
ping costs must be made. In order that we may see at a glance the ap- 
proximate cost of a finished lamb under a range of prices for feeder lambs, 
hay, and grain, the accompanying cost chart has been prepared (Table IV). 


TABLE ING FATTENING LAMBS ON HAY AND GRAIN. 


Price per 100. ‘pounds at Which the finished janie 
must be sold in order to pay for feed, 
_ interest, and labor. 


Iffeeder  Iffeeder  Iffeeder If feeder 
lambs cost lambscost lambs cost lambs cost 


5c a lb. 7%ca lb. 10c a lb. 12%ca lb. 
With alfalfa @ $ 5.00 and grain @ $15.00....$5.49 $ 7.28 $ 9.05 $10.81 
With alfalfa @ $ 7.50 and grain @ $22.50... 6.19 7.98 9.74 11.51 
With alfalfa @ $10.00 and grain @ $30.00.... 6.91 8.70 10.46 12.24 
With alfalfa @ $12.50 and grain @ $37.50... 7.61 9.40 11.16 12.94 
With alfalfa @ ae 00 and grain @ $45.00.... 8.31 10.10 11.86 13.63 


It is apparent that under all ordinary price ‘conditions the finished lamb 
in order to pay out must sell for more per hundred pounds than his original 
cost as a feeder. This difference between the price per hundred pounds of 
feeder lambs and the price per hundred pounds of fat lambs we call “mar- 
gin.” Fat lambs ordinarily sell for more than feeder lambs, partly be- 
cause of their higher dressing percentage and better quality of mutton, and 
partly, in case of winter fed lambs, on account of the better market later 
in the winter. A fat lamb is ordinarily worth from 50c to $1.50 more per 
hundred pounds than a feeder lamb on the same market. When we add 
to this the improvement in the market later in the winter we usually ex- 
pect a total margin of from $1 to $3 per - hundred pounds. This is about 
what the lamb feeder gets as an average over a long series of years. On 
any particular year, however, he may get as high as $5 or $6 margin, or he 
may sell his lambs for $3 or $4 a hundred less than they cost. Lamb feed- 
ing for one or two years may rightly be considered as highly speculative, 
but when conducted through a long series of years, by men who are finan- 
cially in a position to stand the losses of the bad years and counterbalance 
them with the good years, the speculative element very largely disappears 
and lamb feeding becomes about as stable a business as any other line of 
agriculture, and especially so since lambs are very dependable in the feed 
lot. Thrifty lambs given reasonably good feed and care practically never 
fail to make satisfactory gains and to take on a good finish. 

Many feeders measure their financial returns in the terms of the price 
received for the feed used. Table V therefore gives the probable returns 
for the feed under various conditions: 


TABLE V. NET PRICE RECEIVED FOR THE FEED NEEDED FOR FATTEN- 
ING ONE LAMB: (225 POUNDS OF HAY AND 75 POUNDS OF GRAIN) 


Net price received for 


the feed 
Pela bSEcostsoceandwsell fOfy OCuer. mc. oar ere sae ere ater cere ee ence: eee eS ih 5S. 
If lambs cost 5c and sell for 7c ................. Bb ER inthe SEA ee ea Se CES 
If lambs cost 7%c and sell for 8%4c |... : ace ee eee ro 0 
{f lambs cost 7%c and sell for 9%c ........ SS es a ee : Fe 2190 
Lf lambs cost 10c and sell-for llc 2 e.22...-02.--- Be i nee eee Ln ore LOD 


If lambs cost 10c and sell for 12c ............ be sche-vwees Pre i), AE bee IE CAD, 
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Translated into tons and figuring one ton of grain the same as three 
tons of hay the prices received for the feed per ton would be as follows: 


Price received for feed per ton 


: grain 
If lambs cost 5c and sell for 6c $20.52 
If lambs cost 5c and sell for 7c 1353 ; 31.20 
li@lambsucostiy.7> candace! tores)/sC tee nee ree Pie eee 9.33 27.99 
If lambs cost 7%c and sell for 9%e ........... SOAP EGO RED 5 A) de 12.89 38.67 
Ii lambs cost 10c and sell for llc Pe 36.00 
Ii lambs cost 10c and sell for i2c 46.68 


No credit has been allowed in these estimates for the refused hay. As 
previously noted, about twenty percent of the hay will be refused but this 
refused hay has a value of fifty percent that of fresh hay for stock cattle 
and horses. If this twenty percent of refused hay were utilized in such a 
way as to recover half of its original value it would represent a saving of 
ten percent in the total hay bill and the feeder would therefore do that 
much better financially than the figures we have quoted. In the estimates 
no credit has been allowed for the manure produced, although it may in 
many cases have a very considerable value. It may be safely figured that 
for each ton of hay or grain fed to fattening lambs there will be produced 
134 tons of manure. From this the farmer may make his own estimate to 
the credit he can allow for this item. 


WHO SHOULD FEED LAMBS 


The fattening of lambs should be considered as a means of marketing 
surplus alfalfa hay and grain, for which there is no other satisfactory outlet. 
The fattening of lambs, one year with another, has afforded a very satis- 
factory market, but owing to the extreme fluctuations in prices it has been 
dangerous and often disastrous. No one should attempt the business of 
fattening lambs unless his financial position is strong enough to permit 
him to stand a heavy loss and still continue. In the long run the good 
years will offset the bad, but if a man is not in a fairly strong financial po- 
sition and the bad year comes first he will not be in a position to continue. 


No one should attempt to fatten lambs without a thorough understand- 
ing of the amounts of feed required and the probable gains that will be 
produced. The feeder necessarily should have a liking for the business 
and the intention to stay with it. It is not, however, necessary for him 
to have long or extensive experience in the handling of sheep. Any feeder 
who will follow carefully the instructions in this circular will have no 
trouble in making good gains and in producing fat lambs. 
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SUMMARY 


The experiments herein reported, covering the progress of sulfur 
investigations with Oregon soils, are maintained by the Soils depart- 
ment of the Oregon Agricultural College Experiment Station as a 
phase of Oregon Soil and Soil Water Investigations provided for in Ch. 
340, Session Laws of 1919 and its continuations. Earlier studies along 
this line were reported in Oregon Station Bulletins 163 and 167, now out 
of print. The present bulletin is prepared to meet the heavy demand 
for information on the subject of sulfur in relation to soil fertility. Most 
of the quantitative analyses were made by the department of Agricul- 
tural Chemistry and bacterial studies were made by the department of 
Bacteriology. 


1. In 1912 the Oregon Experiment Station found that increases in 
alfalfa yields equivalent to those obtained by use of potassium sulfate 
in Eastern Oregon experiments by W. L. Powers and by use of acid 
phosphate in Southern Oregon experiments by F. C. Reimer could be 
obtained by use of elemental sulfur. 


2. Subsequent analyses of soils and crops indicated, and field, green- 
house, and laboratory experiments seem to confirm the view that sulfur 
is a limiting element, and that the increase caused by its application was 
not to any great extent due to indirect action. 


3. Similar tests of the leading two dozen arid and semi-arid soil 
types of Oregon proved that there are at least 100,000 acres of alfalfa 
that can be increased one ton or more an acre each year with sulfur 
at a cost not exceeding one dollar a ton for the sulfur applied. 


4. Legumes, particularly alfalfa, red and alsike clover, have given 
marked response to sulfur fertilizers. Moderate increases have been ob- 
tained on wheat and potatoes, and but little increase from this treatment 
where field peas, beans, corn, kale, rape, or sunflowers were grown. The 
benefit with potatoes is attributed largely to indirect action in control- 
ling potato scab and some increase in ammonification. 


5. H. V. Tartar and H. G. Miller of the Oregon Experiment Sta- 
tion found that sulfur increases protein content of crops. 


6. Numerous recent analyses and four fertility field experiments 
show that the extensive red hill regions extending from Coos Bay to 
Astoria and from the Pacific to the Cascades, covering the Coast hills 
and the hills surrounding the Willamette Valley, contain only 150 to 400 
pounds of sulfur in the plowed surface of an acre, and yield 25 to 50 
percent increase of clover when sulfured. The same is true regarding 
grain from sulfur applications. 


7. Sixty years of cropping has depleted this initial supply in repre- 
sentative soil types from 300 pounds to 200 pounds an acre, and the in- 
dication is that available sulfur is deficient at the close of the rainy 


season. 

8. Lysimeter studies show that 40 to 45 pounds of sulfur is lost 
in the annual percolate, while only 3 to 6 pounds an acre a year is 
received in the annual precipitation. 


9. Laboratory experiments strongly indicate that a little gypsum or 
sulfur and lime aids nitrification at the beginning of the growing season, 
there being practically no nitrates in Western Oregon soils at that time 
because of low temperature and excessive moisture. After the cold, wet 
weather has depleted the nitrate and sulfate supply in Western Oregon, 
the sulfur or calcium sulfate (gypsum) aids in establishing a stand of 
new clover. Sulfur seems to be related to nitrogen supply. 


10. Sulfofication* studies by Professor Halversen of the Bacteriology 
department show that most of the Oregon soil types contain organisms 
capable of oxidizing sulfur more rapidly than is necessary for plant 
needs. Sulfur applied to field plots has caused visible results in two 
weeks. Elemental sulfur is the most economical form. It should be ap- 
plied early and harrowed in to insure results the first season. 


11. Water culture, and pot culture and tank experiments strongly in- 
dicate that sulfur is an especially critical element, but that only a small 
amount is necessary. Yields have been markedly increased and water 
requirements strikingly decreased by adding a little sulfur against its 
elimination or near elimination. 


12. From a study of the literature and inquiry of experiment sta- 
tions throughout the United States, it seems that the basaltic region of 
the Northwest is the greatest field for the profitable use of sulfur. 
Basalt contains only limited amounts of sulfur. Soils receiving large 
quantities of sulfate bearing irrigation water, those high in organic mat- 
ter, and those containing sulfate alkalies in the Great Basin region are 
plentifully supplied with sulfur; while soils in eastern and southern 
states receive a fair supply of sulfur in fertilizers, manures, and from 
precipitation in the heavy coal-consuming sections. 


13. Thorough field experiments with sulfur as a fertilizer in Oregon, 
now of ten years’ duration, are believed to be the most extensive to be 
found. Applications amounting to 1,000 pounds of sulfur an acre during 
this period have resulted in continued marked increase in yield. The 
duration of the increase in yields from a hundred-pound application on 
an acre of soil is three to five years, the heavier soil types retaining sul- 
fur longer. Maintenance of one element will not make a permanent 
system of agriculture. 


14. Use of elemental sulfur beyond the amount needed to meet the 
absolute deficiency has tended to aggravate soil acidity in humid and 
semi-humid sections, as judged by Truog acidity tests of Southern 
and Western Oregon soils made by the Soils department and hydrogen- 
ion tests made of samples submitted to the department of Bacteriology. 


15. It appears that sulfur may be used on red hill soil at one-third 
the cost of sulfur secured in gypsum, the use of which is common in 
Western Oregon. Its continued use will make occasional liming more 
necessary. A combination of sulfur, rock phosphate, manure, and lime 
has given maximum yields in some recent field experiments. 


* Sulfur oxidation, 


Sulfur in Relation to Soil Fertility 


By 
W. L. Powers 


INTRODUCTION 


Until recent years investigators have generally agreed that the chem- 
ical elements in which soils are most often deficient are potassium, nitro- 
gen, and phosphorus. To supply these elements a great fertilizer 
industry has been built up. In addition calcium is often needed in 
carbonate form to correct soil acidity. The older systematic fertilizer 
experiments have been worked out on this basis. 

Although sulfur has long been regarded as essential to plant growth, 
the small amount formerly found in plant ash did not indicate that it was 
likely to be a critical or limiting element in crop production. During 
recent years, however, an improved fusion method of analysis has shown 
that such plants as alfalfa and the cabbage family show much more 
sulfur than early analyses indicated. A five-ton crop of alfalfa removes 
about twenty-five pounds of sulfur from one acre, whereas only twenty- 
five pounds or less of phosphorus would be contained in five tons of 
alfalfa. On the new basis rape has been found to contain twenty pounds 
of sulfur in a ton; and a fifty-bushel oat crop, including straw, would 
remove about sixteen pounds of sulfur. 

The use of sulfur as a fertilizer began as early as 1913 in Oregon, 
and systematic field and laboratory experiments which have extended 
over a period of years give perhaps the most marked increases in yields 
that have been secured by investigators of sulfur in relation to soil. 
Since previous reports of sulfur experiments in Oregon are out of print 
and many new facts have been developed, a statement of the progress 
of these studies is here given to meet the large demand for information 
on this subject. 

This bulletin is issued as a feature of Oregon Soil and Soil Water 
Investigations as provided for by the state legislature, Chapter 340, 
Session Laws 1919 and its continuations, 1921 and 1923. 


Acknowledgement. The author here wishes to acknowledge the 
careful assistance of field agents W. W. Johnston, John Tuck, K. S. 
Taylor; laboratory determinations by Professor J. S. Jones and asso- 
ciates in the Experiment Station chemical laboratory; and suggestions 
and tests by Professor W. V. Halversen of the Bacteriology depart- 
ment. Helpful suggestions have been received from Director J. T. 
Jardine, Professors C. V. Ruzek and F. C. Reimer. Professor Reimer 
furnished data for experiments in Southern Oregon prior to 1918. The 
cooperation of branch experiment station superintendents and county 
agents has made possible a more extensive and correlated study than 
otherwise would have been possible. 


Historical: Investigations in other states. A thorough review of lit- 
erature dealing with sulfur as a plant food’ has recently been issued, and 
space here permits mention of only essential facts developed. The value 
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of sulfur was recognized in France and Germany during the last half of 
the eighteenth century. Calcium sulfate was probably first used in Amer- 
ica by Benjamin Franklin on his farm near Philadelphia. Hart and Peter- 
son of the Wisconsin Experiment Station, using new methods of analysis 
found? the sulfur removed by average crop cereals to be about two-thirds 
of the phosphorus removed by these crops, while alfalfa required more 
sulfur than phosphorus. One hundred*average crops of barley would 
require as much sulfur as is contained in the surface eight-inches of an 
average soil. Crops such as cabbage and turnips removed two or three 
times as much sulfur as phosphorus. It was also found that this soil 
farmed fifty to sixty years lost on the average 40 percent of the original 
sulfur content as compared with virgin soil. They calculated that the 
amount’ of sulfur lost in drainage water would exceed the amount 
brought in by the atmosphere and rain. 


Fig. 1. Original sulfate plots, Redmond, 1912, untreated. 


These facts led to renewed interest in sulfur content of soils. A 
thorough study of the sulfur content of Kentucky soil areas, made by 
Shedd,’ shows that soils of that state usually contain less sulfur than 
phosphorus and that many staple crops respond to treatment with sulfur 
and sulfate. For years people have often applied sulfur to soil unknow- 
ingly in manure, potassium sulfate, ammonium sulfate, acid phosphate, 
and calcium sulfate. 

It has been found that amounts of sulfur ranging from three to fifty 
pounds per acre each year, are added by rainfall, while the amount in 
drainage water has frequently been much larger. 

A study of twenty years’ fertilizer trials of the Ohio Experiment 
Station’ shows the average yield of plants treated with acid phosphate, 
potassium sulfate, or ammonium sulfate to be higher than those treated 
with fertilizers containing no sulfur. In Illinois experiments potassium 
sulfate has not materially increased yields on normal soils.’ Thirty-five 
years’ use of gypsum at the Pennsylvania Experiment Station and 
eighteen years’ use at the Ohio Experiment Station have not materially 
increased average yields. Various effects of sulfur have been noted. : 
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Sulfur is used by the plant in the sulfate state, and Dr. P. E. Brown 
of the lowa Experiment Station has shown that different groups of bac- 
teria are associated with the oxidation of sulfur into available form. 
Inoculation studies to hasten oxidation, or sulfofication, have been made 
at the New Jersey Experiment Station by Lipman.’ At that station and 
others sulfur has been composted with raw rock phosphate to make avail- 
able phosphate and with fair success. Increased activity of nitrifying bac- 
teria due to sulfur and lime has been reported by different investigators. 
Greater root and nodule development has been noted and a higher protein 
content in crops secured. Some field and laboratory studies have been 
made with sulfur in the state of Washington,’ and increases have been ob- 
tained in the yields of alfalfa from gypsum applications. Results have 
been less striking than those obtained in Oregon. Increases in yields 
have also been noted from studies in Utah, Montana, Idaho, and Cali- 
fornia. In the last named state the effects of sulfur, sulfuric acid, and 
sulfate have been considered in connection with the-correction of alkali. 


Fig. 2. With sulfur. Redmond, 1912. 


Sulfur has been regarded as a stimulant by some,’ and heavy applications 
have been made in France for that purpose. Use of sulfur has resulted 
in increased solubility of phosphorus and potassium compounds in soils. 
Sulfur was noted by McCool to hasten decay of organic matter.” The 
tendency of heavy applications to increase acidity has been variously 
reported. Indirect effects attributed to sulfur by various investigators 
include control of potato scab fungus" through increase in hydrogen-ion 
concentration and repelling of wireworms and other insects. 


Experiments in Oregon. Superphosphate, g3 psum, and other fer- 
tilizers gave indications of the importance of sulfur in Southern Oregon 
experiments made by F. C. Reimer 1912.” Potassium sulfate, super- 
phosphate, and gypsum gave increases in Central Oregon fertilizer ex- 
periments by the writer that same season,” indicating the great value of 
sulfur in that section. These experiments led to the first trials in Ore- 
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gon with elemental sulfur on soils in the Willamette and Deschutes 
valleys under irrigated conditions the following year, 1913. It was proved 
that increases secured by other sulfates could be obtained by use of ele- 
mental sulfur. 


The importance of sulfur in connection with the results secured in 
these early experiments was perhaps first suggested by H. V. Tartar, at 
that time Chemist at the Oregon Experiment Station. In 1913 Professor 
Tartar published an article giving the new figures for the sulfur content 
of staple crops and calling attention to the unconscious use of sulfur in 
acid phosphate, gypsum, and other fertilizers,“ thus questioning the suf- 


Fig. 3. Sulfate on clover. Redmond, 1912. 


ficiency of sulfur. A brief announcement was made in 1914 by Professor 
Reimer” pointing out that lime-sulfur spray benefited legume cover crops 
beneath sprayed trees and indicated benefits from sulfur in this spray 
as well as in superphosphate, which also helped. 

Professor Reimer «ised elemental sulfur in 1914 and obtained as 
good increases as with gypsum or superphosphate. Little or no increase 
was realized from rock phosphate. These Southern Oregon experiments 
were extended to fairly comprehensive fertilizer experiments during the 
following years. Fertilizers containing sulfur gave striking increases, 
whether flowers of sulfur, superphosphate, gypsum, iron sulfate, sulfate 
of ammonia, sulfate of potash, sulfate of magnesium, or sodium sulfate. 
In these trials nitrate of soda, monocalcium phosphate, chloride of pot- 
ash, and ground limestone have had little effect upon alfalfa, showing 
that the increase is not due to liberation of phosphorus or potash or 
lack of lime in the soil. Chemical analyses proved that these soils were 
well supplied with potassium, lime, magnesium, and iron, wére slightly 
alkaline, and were often low in sulfur. 
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Miller studied the effect of sulfur and sulfate in pot cultures™ and 
found increased growth of plants in the greenhouse, indicating that sul- 
fur was a direct aid in plant growth. He attributed the great increase 
in the nitrogen content of clover where sulfates were added to the in- 
creased action of legume bacteria, the sulfate causing greater develop- 
ment of nodules. 

Sulfur studies have been conducted in the Deschutes Valley in 
Central Oregon with some minor interruptions since 1913, and in 
Southern Oregon and the Willamette Valley continuously since 1914. 
Field trials have been extended to most of the alfalfa-producing sections. 


Fig. 4. Sulfur fertilizers plots in Southern Oregon. 


The studies in Eastern Oregon were extended to Goose Lake Valley 
in 1915, and sulfur has doubled the yield on several fields there where 
results have been noted during the past eight years. Six years’ results 
from field trials are available in Klamath county, and a single application 
of one hundred pounds on an acre has made in the six years an increase 
in yield of nearly two tons a year or a total of eleven for the period. 
There will be a 50 percent increase there from sulfur this, the seventh, 
year. The average increase from all sulfur trials in Deschutes Valley has 
been 1.8 tons an acre. During the past five years, sulfur trials have been 
carried on by the Experiment Station, and sulfur has been included in 
systematic (or complete) fertilizer experiments on many leading soil 
types of the state. Those have proved that at least 100,000 acres of 
alfalfa land in Oregon can be increased by one ton an acre in hay yields 
or a possible increase in hay value of $1,000,000 a year. 

Cooperative extension demonstrations. Cooperative demonstrations 
have been carried on during the past several years with the county 
agents in Oregon. In Klamath county, in careful checks made on twen- 
ty-seven fields which have been treated with sulfur, the average increase 
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was 145 percent. On many of the soils, the increase was close to two 
tons an acre. Demonstration experiments comparing gypsum and sulfur 
were conducted in Grand Ronde Valley. Early results there favored 
gypsum, but sulfur is proving more economical in the long run. County 
agents report six cars of sulfur and eight cars of gypsum secured co- 
operatively during one season and applied to several thousand acres to 
provide sulfur for alfalfa lands. Including areas previously treated this 
brings the total area treated to sulfur in Oregon to about 25,000 acres. 
The average increase in hay on this will be at least a ton an acre, worth 
at $10 a ton, $250,000, 


PLAN AND PURPOSE OF EXPERIMENTAL WORK 
WITH SULFUR 


The writer started with sulfur investigations in Eastern Oregon in 
1912 and 1913 and has been interested in the extending of these trials to 


Fig. 5. Sulfur vs. no fertilizer, Southern Oregon. 


different sections of the state. After the Soils department was organ- 
ized in its present form sulfur studies centering around the field experi- 
ments were organized into a definite project for determining more ac- 
curately the functions and value of sulfur in relation to soil fertility. 
The trials were extended with the following objectives: 


1. To determine the value and ultimate effect of the long-continued 
use of sulfur fertilizer on soil reaction and fertility. Also the value of 
important elements with and without sulfur. 


2. To study the losses and gains of sulfur in soils from rainfall and 
drainage. ; 


3. To determine the value of sulfur when applied to various crops 
and different soil types. 
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4. To determine the value of sulfur, gypsum, and aluminum sulfate 
used in connection with sweet clover in restoring the structure of drained 
alkali lands. 


5. To determine the value of sulfur, manure, ground limestone, and 
ground rock phosphate combinations for making available the phos- 
phorus needed by crops. 


6. To determine the value of sulfur and sulfate applied alternately 
with ground limestone in humid sections. 

When systematic field fertilizer trials were extended in 1918 to many 
additional soil types, plans were arranged to include trials of sulfur in 
each of these field fertilizer experiments. A lease had been arranged 
for protecting the sulfur experiments started by Reimer in Southern 
Oregon, and these experiments were extended and brought under irriga- 


Fig. 6. Effect of sulfur in Klamath Basin. 


tion. There are now sulfur experiments in Western Oregon that have 
been under continuous observation for nine years and in Southern 


Oregon eight years. 


Sulfur content of soils. In connection with the detailed soil surveys 
official soil samples collected have been submitted to the department of 
Agricultural Chemistry; and since these chemical studies have included 
sulfur content, nearly all soil types in Willamette Valley and Southern 
Oregon have thus been tested for their sulfur content. Samples taken 
in the Willamette Valley have been from virgin soils, and this has been 
true of a number of samples secured and tested in connection with 
feasibility surveys on reclamation projects in Eastern Oregon. ; 

These samples are usually taken to a depth of about 7 inches in 
the humid sections or to 12 inches depth for the surface samples in arid 
sections. The surface samples tested from Jackson county were taken 
from cropped fields to a depth of 15 inches. Available data as to sulfur 
content of Oregon soils employed in sulfur tests have been summarized 
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TABLE I. SULFUR CONTENT OF SOILS 


Determinations by Department of Agricultural Chemistry 


‘Sulfur Phosphor- 


in us in 
2,000,000 2,000,000 
pounds pounds 
surface surface 
Area Soil type County soil soil 
lbs. lbs. 
Willamette Valley 
Hill Melbourne clay loam Washington 162 1400 
Carlton silt loam Washington 124 1260 
‘3 Carlton silty clay 
loam Benton 300, Se 
ie Olympic silt loam Marion 580™ peeeees 
Aiken silt loam Washington 70 640 
Aiken silt loam Yamhill 340 3400 
Aiken silty clay loam Yamhill 540 4200 
Old Powell silt loam 
Valley Multnomah 320 2540 
Willamette silt loam Washington 260 3440 
Willamette silt loam Yamhill 390 2240 
Hillsboro silt loam Washington 260 1320 
Amity silt loam Washington 360 2780 
Salem loam Multnomah 640 2700 
Grande Ronde silty 
clay loam Yamhill 700 2440 
Recent Chehalis fine sandy 
sedimen- loam Yamhill 162 980 
tary Chehalis silty clay 
loam Washington 140 1240 
Whiteson silt loam Yamhill 320 1000 
Wapato silt loam Washington 380 600 
Newberg clay loam Multnomah 680 1580 
Wapato silt loam Yamhill 460 1620 
Whiteson silt loam Washington 1100 920 
Sauvie sandy loam Multnomah 940 2440 
Peat Peat Yamhill 3920 1880 
Peat Washington 5000 2060 
Southern Oregon 
Corning clay loam Josephine 140 960 
Aiken clay loam Josephine 154 920 
Kirby loam Josephine 180 1920 
Clawson clay loam Josephine 220 240 
Columbia gravelly 
clay loam Josephine 600 3840 
Salem fine sandy 
loam (coarse) Jackson 300 1520 
Salem gravelly sandy 
loam Jackson 380 1720 
Siskiyou coarse sandy 
loam Jackson 380 2018 
Antelope clay adobe Jackson 400 1280 
Phoenix clay adobe Jackson 420 960 
Agate gravelly loam Jackson 480 1140 
Agate gravelly sandy 
loam Jackson 480 1640 
Salem clay loam Jackson 540 1000 
Salem clay adobe Jackson 540 1640 
Barron coarse sand Jackson 560 1540 
Coker clay adobe Jackson 560 1360 
Meyer silty clay loam Jackson 580 1200 
Tolo loam Jackson 580 1300 
Olympic clay adobe Jackson 600 1380 
Climax clay adobe Jackson 600 1000 
Sites fine sandy loam Jackson 620 1580 
Medford fine sandy 
loam Jackson 640 1040 
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Salem fine sandy 


loam Jackson 0-15 680. 1920 
Medford loam Jackson 0-15 720 1300 
Coleman gravelly 
loam Jackson 0-15 740 1300 
Meyer clay adobe Jackson 0-15 760 1180 
Medford gravelly clay 
loam f Jackson 0-15 760 1380 
Bellavista fine sandy 
loam Jackson 0-15 800 18490 
Sites sandy loam Jackson 0-15 819 900 
Neal silty clay loam Jackson 0-15 900 1560 
Neal clay adobe Jackson 0-15 900 1940 
Sam’s loam Jackson 0-15 980 1920 
Greater John Day Project—Central Oregon 
Fine sandy loam Shutler flat 0-12 320 4200 
Fine sandy Bench west 
of Butter Creek 0-12 240 4600 
Lower Powder 
Gravellvesilt loamisme une leeccseeereencs) Sn  ueezeneee 150 1528 
Iepevecy bm koyrete 8G MR cet ee rae eT ee ere 1440 934 
Graviellye Oat ane | Me ceekte eeeeen es) ue 500 3230 
Deschutes 
Medium loamy sand Redmond © .sezze 646 2009 
Medium loamy sand Powell Butte —_......... GOs = tees 
Cropped vs. Virgin Soils 
Willamette Valley 
Abraham ; 
farm Cultivated 50 years (Gornvallis an eee 230 qn me ates 
Abraham i 
farm From fence line Corvallis) see SOOT, Vl Peeeres 
Howd ‘ 
farm Cultivated 50 years Wraldornills 5 ease S609 =" sya 
Howd 4 
farm From fence line NVenXoloy TeyWNY eee 380i" © ese 
Central Oregon 
Bassett 
farm Cultivated 14 years Powells Buttes 722 TAQ.) eee 
Bassett ‘ 
farm From fence line Pewelll (Battes 39 160%  paxexe 
Other regions — : Authority Range Range 
Earths Crust Clarke 2200 1921 
United States Robinson 160-2600 U. S. Dept. of Ag. Bul. 122 
Illinois Illinois Exp. Sta. 600-1000 1000-2000 
Iowa Brown and Kellogg 719— 938 
Ohio Ames and Boltz 412— 800 
Indiana Conner 480 
Eastern Washington Olson and St. John 246— 712 
Wisconsin Hart and Peterson 400-1200 
Kentucky Shedd 360-1000 540-5550 
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in Table I. Samples of fields that have been cropped for a generation 
have been collected and analyzed, as have also adjacent virgin soils of 
undisturbed boundary or fence lines from sections where sulfur appears 
to be an important factor in connection with soil fertility. 


The sulfur content of Southern Oregon soils runs from a hundred 
and forty pounds to eight hundred pounds in the plowed surface of an 
acre (six and two-thirds inches depth), or approximately 2,000,000 pounds. 
Many of the surface soils there contain less than 500 pounds of sulfur. 


In the Willamette Valley the soils in the Valley floor contain a 
moderate amount of sulfur, usually 300 to 600 pounds in 2,000,000 pounds 
soil. The soils in the recently formed stream bottoms, with certain ex- 
ceptions, contain 200 to 1,000 pounds of sulfur. According to analyses 
made, the soils in the hill lands in the Willamette Valley region are 
often low in sulfur, running frequently from 100 to 300 pounds in 
2,000,000 pounds soil. 


Few determinations have been made of Eastern Oregon soils. They 
frequently contain less than 500 pounds in the furrow stratum. The 
leading irrigated crop there is alfalfa, which for an average yield requires 
about twenty-five pounds of sulfur a season. Some Oregon soils con- 
tain ten times as much phosphorus as sulfur; while the leading crops, 
particularly in the arid and semi-arid sections, often require more 
sulfur than phosphorus and the crops grown require much less phos- 
phorus than the corn crop in the central states. 


Basaltic soils rather low in sulfur. Soil analyses from other states 
and replies to inquiries from experiment stations throughout the United 
States indicate that the basaltic soils in. the Pacific Northwest offer a 
very great field for increased crop yields from the use of sulfur to sup- 
plement the moderate supply frequently found present in these soils. 
Basaltic rocks contain relatively small amounts of sulfur.” In the Great 
Basin sulfates are associated with the alkali, which is more common 
there. In the southern and eastern states the liberal use of sulfate-bear- 
ing fertilizers has probably overcome any deficiencies in sulfur that 
might have existed. There appears to be less sulfur than phosphorus in 
soils generally; different investigators have found losses of 20 to 40 
percent in soils cropped for a generation as compared to virgin soil. 
Indiana* and Kansas” stations report moderate amounts of sulfur in 
soils of those states and find it readily available so that crop needs are 
considered satisfied. Stewart’ considered sulfur from rainfall sufficient 
in Illinois to meet crop needs. Cropped Oregon soils show consistently 
lower amounts of sulfur present as shown in Table I from determinations 
by Oregon Experiment Station chemists. 


Sulfur content of crops. Hart and Peterson? in 1911 reported new 
figures for sulfur content of crops. Reimer and Tartar” found that al- 
falfa from sulfur-treated plots contained a higher percentage of sulfur 
than alfalfa from untreated plots, and that it also contained sulfates. 
Similar increases in sulfur content of other crops due to use of sulfate- 
bearing fertilizers have been reported by Iowa, Wisconsin, and Kentucky 
experiment stations.7 These increases appear to be associated with a 
higher protein content in sulfur-fertilized crops. Different investigators 
have shown that crops belonging to the legume and cabbage families 
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contain more sulfur than phosphorus. The sulfur content of crops is 
shown in Table II. It will be seen that legumes especially require near- 
ly as much sulfur as phosphorus, while the supply of sulfur in soils is 
much lower. 


TABLE II. SULFUR CONTENT OF CROPS 


Determinations by Department of Agricultural Chemistry 
(Oregon Station Bulletin 197) 


Number —_——_—_—— Pounds in 1000— 
of Air dry: Oven dry 
Crop determinations Sulfur Phosphorus Sulfur Phosphorus 
Alfalfa 21 1.90 ZL) 2.04 2.26 
FNedmClOovier queens =e 2} 1.00 1.70 1.08 1.42 
Alsike clover ....... ee 10 1.45 1.86 1.20 2.03 
Sweet clover .... ss 3 1.49 2.03 1.59 Za 
Wetchmate a ga .87 Peoyl 95 2.59 
TAGES ee we D 1.08 2.07 1.16 2.23 
AMIcaKe aby eee 3 70 1.65 he Lee 
Orchard grass .. 2a 44 1.41 48 15S 
Bunch grass -_... aoe 86 1.26 92 1.35 
Sunflowers ..... 2S IE ENS} 4.37 1.62 4.59 
\WAeieeyr hs a 3 eats) See) 1.28 3.54 
Oats eee a 5 ee 3.52 1.40 3.88 
Barley 6 1.00 3.74 iiss 4.21 
Corn Pees 2 1.09 3.14 2a 3.50 
ORAL OCS meen tee wr eee A ee ee RU ae eA 2.79 
OMONG epee ne ee ee 5.68 2.50 
BCabbage——-Wisconsins eee een i ee ee 8.16 5.59 
ane) lower soe eee Me ee 10.49 1.09 
*White Beans ...... 25 he ane, | i eee 2E80) 9.60 
Soy-beans—Wisconsin ..............- meee a Mece-\ | A gore Pa Rs eee 


*Data from other experiment station publications. 


Sulfur in rainfall and irrigation and drainage water. Coal smoke car-: 
ries appreciable quantities of sulfur and probably influences the amount 
brought down to the land in rainfall where there is thick settlement or 
where industrial activities abound. Volcanic activity may at times in- 
fluence accretion of sulfur by soil from the atmosphere. 


Irrigation water may contribute sulfur to the soil. Water pumped 
for irrigation from a semi-artesian well and rising from a flow 218 feet 
below the surface at the Harney Branch Experiment Station, Oregon, 
was submitted to analysis. The Station Chemist’s test shows that this 
water carries 2.01 pounds an acre foot of sulfur in sulfate form. Irriga- 
tion water used on Umatilla Branch Experiment Station is reported by 
Superintendent Dean to carry 2.29 pounds sulfur an acre foot. Coarse 
sand soil at that Station requires about five acre feet an acre of irriga- 
tion a season and this water appears to carry sufficient quantities of 
sulfur to supplement the soil supply for crops. Streams used for irriga- 
tion in the Great Basin and in the southwestern states carry appreciable 
amounts of sulfur in solution plus some in suspension. 


Sulfur in rainfall. Precipitation for the past two rainy seasons at 
the Oregon Experiment Station, Corvallis, has been carefully collected 
and submitted to the Station Chemist for analysis for total sulfur. The 
pounds of sulfur an acre received in precipitation and amounts carried 
out in drainage from lysimeter tanks containing four -feet of soil are 
shown in Table III, A, B, C. 
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TABLE III-A’ SULFUR IN RAINFALL AND IN DRAINAGE FROM 
LYSIMETERS, 1920-21 


(Determinations by department of Agricultural Chemistry, Oregon Experiment Station, 
from samples submitted by the Soils department.) 


Lysimeter No. 4 Lysimeter No. 8 
Willamette silty Dayton silty 
Rainwater clay loam ' clay loam 
Sulfur Sulfur 
Rain per acre Percolated Sulfur Percolated per acre 
in. TOS: in. lbs. in, Ibs. 
Winter 1920-21 . 
November 4.90 350 231s Be ese 2.33 (9% Sees 
December 7.97 654 6.39 1.827 7.49 4.641 
January 715 118 7.19 3.499 6.84 3.586 
February 5.38 351 5.82 3.595 4.99 2.397 
March 4.23 Lost 3.10 1.936 3.13 1.825 
April 100s eee ees .07 ak 01 ab 
31.62 


TABLE II-B. WILLAMETTE SILTY CLAY LOAM, 1921-22 


Lysimeters Nos. 1 Lysimeters Nos. 2 
and 4 and 3 
Rain Manured ——Untreated 

in. mn. lbs. in. Ibs. 

Winter 1921-22 
November 5.36 Partial 8.02 11.83 9.40 10.66 
December 3.48 data 3.64 4.49 3.62 5.04 
January 3.80 only ie) 3.28 4.39 US 
February ARS a = pe 4.33 2.91 5.54 10.02 
March 5.81 3.65 2.10 4.76 8.26 
April 177 neers 68 50 1.15 2.42 


TABLE III-C. SULFUR IN DRAINAGE WATER FROM LYSIMETER, 1922-1923 


- Willamette silty clay loam— 


Lysimeter 2. Manured, 

1. Untreated limed 3. Manured 4. Limed 
20 tons 3 tons 
to acre to acre 20 tons to acre 3 tons to acre 


Rain Percoigie Sulfur erecinte Sulfur ‘Percolate Sulfur Bercolate Sitar 


in. in. lbs. in, Ibs. in, lbs. in. lbs. 
1922 
Nov. Sore, Gee ee 2.75 3.85 2.59 S35 2.55 2.16 
Dee 1. ii 3.09 2.750 8.79 11.90 14.18 ——2405  “i1ot 7.83 
1923 
Jan. 19.88 6.68 3.890 8.43 19.15 10.05 23.52 10.08 10.24 
Feb. 2.16 2.04 74 2.54 4.79 3.19 5.29 2.52 1.34 
Mar. 2.57 86 37 1.55 2.64 1.65 2.35 1.48 ‘91 
Totals 29.79 12.67 7.75 24.06 42.33 28.63 58.56 27.64 22.48 


The data indicate that only a few pounds of sulfur may be expected 
from precipitation, while drainage loss may run twenty to forty-five 
pounds or more an acre, indicating an important net loss. In Western 
Oregon, section B of the percolation data shows a much higher loss 
from heavy soils that have been manured. Section C shows that lime 
is effective in liberating sulfur. - 

Stewart reports 45.1 pounds an acre a year received in precipitation 
at the Illinois station as a seven-year average. MaclIntire” found 
49.6 pounds of sulfur an acre added by precipitation at Knoxville, Ten- 
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nessee. Hart and Peterson’ found the amount received annually to be 
7 pounds in Wisconsin. The Ohio Experiment Station cites Russian 
data showing 9 pounds in country and 72 pounds near towns received 
from rainfall and estimates that 6 to 7 pounds an acre a year is received 
in the United States. 

Loss of sulfur in drainage has been estimated at 20 to 80 pounds an 
acre from data collected at Rothamsted, England. Lyon reports that in 
New York sulfur in drainage from fallow tanks about equalled that re- 
moved by crop and drainage in cropped tanks. 

Wisconsin studies’ place loss in drainage at three times that received 
by rainfall, while Tennessee studies” show annual loss from lysimeter 
tanks at 13 to 64 pounds an acre a year, depending upon treatment 
applied. 


FIELD EXPERIMENTS 


Important early field experiments. Experimental results leading to 
use of sulfur as a fertilizer in Oregon are out of print and are therefore 
reviewed here for convenience. See Table IV. 


TABLE IV-A. VALUE OF FERTILIZERS AND THEIR RELATION TO 
ECONOMICAL USE OF IRRIGATION WATER 


Deschutes Medium Sandy Loam, Redmond, 1912. 


Irri- 
gation, —Yield per— Cost 
total Fertilizers water Gain in—— of Profit 
Crop depth per acre acre inch yield value fertilizer (or loss) 
im tons tons tons 
Alfalfa 21 None 3.00 LAGI alse. mye! Maen. ee ere 
Alfalia 21 Potassium 
sulfate 160 3.96 .186 96 $8.68 $4.00 $4.68 
Alfalfa 21 Gypsum 60 3.40 .162 41 3.69 45 Se! 
Alfalfa 21 Potassium 
chloride 160 Eau .165 B27. 2.43 ATO0m e572, 
Old clover 24 None S238: OCs “eee eee eee eee 
Old clover 24 Potassium 
sulfate 160 5.04 PAM) iferall 15.39 4.00 11.39 
Old clover 24 Gypsum 60 3.48 -145 (2S 2725 45 1.80 


TABLE IV-B. FERTILIZER USED AND ALFALFA YIELDS, 
MEDFORD FINE SANDY LOAM 
Plots one-tenth acre in size. Fertilizer applied April 11, 1912 


Yield first cutting 


Plot Application tons an acre 
Ibs. tons 
1 Dried blood 50 1.85 
2 Superphosphate 50 2.45 
3 Muriate of potash... = 25 1.65 
4 Dried pve bea es s a 2.35 
Superphosphate 2 « SOn yy Py 9) Wea 
5 Deed. Dl OOde eee. 50 1.95 
Muriate of potash. a 25 Se eh 
G Sieyaesonecjleys eee terre Seer ee 100 2.09 
WIG Gah Ei, CON SON EIC) 01 ce Sen coc epprcceee an Seeepacecrocceeee EES 25 or 
Tt IBY ral) a koxeye ee eo cece See re Seren tee eo Sec eer 25 2.26 
SEUSS HONORS OINERS: SoA eo teertech sate oaccesce eee ercnern noe SO 1 ee 
IMIBGu ERAS: Cole )OCOL tS pect ceer cece oe eee Ae Saree eee eran Zp 1 a i a OG a ea 
mi G91) S It ene eee ce ee St nae eee ese een 40 2.07 
CS (Oa ENS iep o/h) Cp eee cree seen eee ee eee 1.76 
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The experiment conducted on sandy loam in the Deschutes Valley 
in 1912 (Table IV-a) was planned to determine whether. the local prac- 
tice of using gypsum was not due to its effect in releasing potash for 
crops. The results of the experiment indicated very strongly that crop 
increases obtained were mainly due to sulfur contained in the applica- 
tions. The following yeat elemental sulfur was used which about 
doubled the yields, showing that it was sulfur and not potash that 
caused the increased yield. 

In the Rogue River Valley (Table IV-b), the superphosphate and 
gypsum applied to Medford fine sandy loam produced a denser stand of 
dark green color and increased yields, while other fertilizers did not 
cause difference in appearance from the check plots; the alfalfa possess- 
ing a pale green color. The increase obtained by superphosphate was 


Fig. 7. Sulfur yield 84 tons treated, 5 tons untreated, Klamath. 


at the time attributed to phosphorus, but trials the following year gave 
no increase from use of raw rock phosphate, and in 1914 yields of alfalfa 
were about doubled by the use of sulfur in elemental form and in super- 
phosphate and iron sulfate as well. Rock phosphate had no effect, there- 


fore it was the sulfur and not the phosphorus that caused the increased 
yield and rich color of alfalfa. 


PROGRESS OF SOUTHERN OREGON EXPERIMENTS 


More permanent experiments in Southern Oregon initiated in 1915 
were planned’ to determine definitely whether sulfur was responsible for 
increases obtained from sulfate-bearing fertilizers on alfalfa;? the value 
of various sulfates, and* whether sulfur acted directly as a plant food or 
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indirectly as a stimulant and liberator of important elements of fertility. 
The experiment field is located seven miles north of Medford on antelope 
clay adobe soil. 


Effect and value of sulfur fertilizer. Fertilizers containing phos- 
phorus alone and those having this important plant food and sulfur also 
were applied in amounts calculated to provide the same number of 
pounds of elemental sulfur whatever sulfur-bearing compounds were 
used, as shown in Table V. These experiments seem to prove that in- 
creases obtained were due to sulfur in various applications and could be 
secured by use of elemental sulfur. Little increase was obtained from 
forms of phosphorus containing no sulfur. On this adobe soil alfalfa 
runs out after a few years and should be plowed up in five or six years. 
When sulfur is applied the stand endures longer than with no sulfur. 


Fig. 8. Effect of sulfur on alsike, Fort Klamath. 


This antelope clay adobe soil is well supplied with potassium, cal- 
cium, magnesium, organic matter, and calcium. It is low in phos- 
phorus and very low in sulfur. It is neutral in reaction. When the ex- 
periment was started the alfalfa was two years old, thick, and had some 
nodules throughout. 

Wherever sulfur or sulfates were applied, striking increases in yields 
were obtained, with fewer weeds. The elemental sulfur did not oxidize 
so as to become fully effective the first season. During recent years 
indication of need of supplementing the supply of phosphorus has in- 
creased. The larger yields secured by sulfur may be expected to hasten 
depletion of the low supply of phosphorus in this soil to a point where 
it will need to be supplemented. The results of this experiment show 
that the increase caused by sulfur is not due to liberation of phosphorus. 
The large amount of lime present in this soil favors oxidation of sulfur 
into available sulfates. 

The east half of this 1915 series was retreated in March of 1917 and 
again in March, 1920. The west half of this series and others where not 
retreated have fallen off in yield the fourth and fifth years. 

Duration and ultimate effect of treatment. This experiment at Med- 
ford, one of the older field experiments still under way, is of value as 


22 


indicating the duration and ultimate effect of sulfur applications. The 
heavy applications of sulfur in this and other ranges of these experi- 
ment fields have shown no injurious effects from the applications, and 
the only apparent result has been increased yields. The soil is well sup- 
plied with calcium, and only the slightest indications of acidity can be 
found where heavy applications have been made. It is not to be ex- 
pected that a simple element will permanently maintain fertility, and 
the time is likely to come when it will pay to supplement the supply of 
phosphorus and possibly other elements to give a permanent system of 
agriculture, oie 

TABLE V. VALUE AND EFFECT OF SULFUR FERTILIZERS ON ANTELOPE 

CLAY ADOBE-—OREGON EXPERIMENT STATION 


1915 Series, Reimer Plots, Soil Experiment Field, Medford, 1915-1921. Yield per Acre, 
s Tons. East 4 Retreated 1917-1920. 


Alfalfa 

T. per A. Ave. Annual 

7 year net gain 

Ave. from fer- 
Treat- 15-21 tilizers 
ment Plot 1915 1916 1917 1918 1919 1920 1921 Ine. 


tons 


1.085 .245 .760 .220 .380 1.700 1.110 .786 
1.085 .245 .760 .240 .380 .880 .985 .653 


By 4.950 4S Oreos Omeied OO pmo GORIEE AS 5 SEO ZO mE OO 
Check LW 1:4 95480) eS 8052500 40069 Olen OLO uO LS 
Gypsum 
595.0 E 5.440 4.920 3.040 1.070 2.440 3.250 2.145 3.180 
1x 8 rds. 2 W 5.440 4.920 2.480 .570 2.790 1.590 1.160 2.707 
Monocalcic 
phosphate FE, 1.590 <710 <470'95=260 <380 <670 560 .663 . i 
410.0 3 W 1.590 <710 480 <270 330 ‘410° ~520 616 (0:006 ~=1.40 
Superphos. E 5.460 4.820 3.000 1.080 2.540 3.690 2.145 3.248 2.586 19.68 
823.0 4D W 5.460 94.8207 93.220) 9 580) 922760) 1-380 065, 9227556 2145 eo ss9 
1d, ANOS Cis: Uae © SO ers a AE Se 
Check Sa Wi EOS ONS 35 eon cS Oe SSO e6O0) 8 ut7: LO. 5 Gomme 
Sulfur E 2.640 5.270 3.700 1.150 3.110 3.350 2.868 3.155 2.493 24.06 
100.0 6 W 2.640 5.270 3.920 .600 3.020 1.455 1.295 2.600 1.990 19.61 
Sulfur E 5.010 5.380 3.780 1.030 4.900 3.510 3.040 3.807 3.245 29.87 
300.0 7 W_ 5.010 5.380 4.020 850 4.580 4.765 3.995 4.086 3.476 33.90 
Iron sulfate E 5.610 5.780 4.480 1.360 3.990 2.340 4.410 3.996 3.334 32.54 
842.0 8 te 5.610 5.780 4.160 .900 5.170 3.540 3.184 4.049 3.439 33.79 
9 W 


Check 


Value of fertilizers with and without sulfur (Table VI). The Jan- 
uary, 1916 series (Table V1) was designed not only to learn the value 
of various elements with and without sulfur, but also to determine 
whether sulfur caused increased yield due to liberation of potassium or 
other elements. Plots 1 and 2 proved to be a shallow soil. Sulfur and 
sulfates continue to show large increases in this series. The more avail- 
able sulfates work most promptly, and heavy applications gave larger 
increases the first year than light applications of sulfur. Applications of 
phosphorus, potassium, and nitrogen in available forms and in com- 
pounds free from sulfur gave little increase, while compounds containing 
these elements with sulfur or in sulfate form gave increases and good 
color similar to the results with sulfur alone. This fact shows that in- 
creased yields caused by sulfur were not due to liberation of other im- 
portant plant foods. 


Lime vs. sulfur. A new series of plots was started November, 1916 
primarily to test the value of lime as compared to sulfur on this soil. 
Table VII gives the plan and results obtained. Use of lime has had no 
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TABLE VI. EFFECT OF FERTILIZER WITH AND WITHOUT SULFUR 


January 1916 series: Reimer Plots, Oregon Experiment Station, Soil Experiment Field, 
Medford. Retreated 1920 except 6 and 17. Plot 9 received some sulfur 
bearing material probably 1920 


Ave. 


Yield per acre Ave. annual 
— ~Treatnett——<——<—<<$—$—=——— Average for gain net gain 
Pal Pounds six years in yield from 
Plot Fertilizer per acre 1916-1921 per acre fertilizers 
lbs. tons tons 
1 Check 0 O38 BO = Jee Fh Pee 
2 Syeiihiese 600 2.036 1.502 $ 9.02 
3 Sulfur 100 2.305 eeu L705 
4 Sulfur 300 2.620 2.086 18.86 
5 Gypsum 595 2.870, 2.336 21.87 
6 Mococo Residue 1541 PAP) 2.191 17.41 
(not retreated) 
7 Monocalcic Phosphate 317 .595 061 —.97 
8 Superphosphate 823 2.605 2.071 15.91 
9 *Muriate of Potash 534 1.165 .631 esi 
(4 yrs. Some S ’20) 
10 Sulfate of potash 594 2.445 1.911 Beal) 
11 Check 0 LO4O ae es ee eee 
12 Nitrate of Soda 558 7S 041 —5.17 
13. Sulfate of Ammonia 423 2.675 2.141 SEA 
14 Iron sulfate 870 2.685 Paestesyl 20.06 
15 Magnesium sulfate 782 2.685 2.151 18.80 
16 Sodium sulfate 1033 ARPA NS) ia 15.49 
17 ‘Pyrites 263 .890 .356 2.68 
(not retreated) 
18 Check 0 -440 LOOT Dias 
*4 yr. ave. 
TABLE VII. COMPARISON OF LIME WITH SULFUR 
November 1916 Series: Reimer Plots, Oregon Experiment Station, 
Soil Experiment Field, Medford 
Yield 
per 
acre 
Alfalfa 
Ave. 
for 5 
Treatment Amt. per years Net 
Plot fertilizer acre Cost Ave. Two 17-21 Incr. Value gain 
lbs. 
Check—harrowed OQ. see eee BOO'D) at eee eae eee 
Pyrites—harrowed 477 $2.38 $0.48 $0.96 1.485 .689 $6.86 $5.93 
Pyrites—not harrowed Lf Pagsie3 48 T9One 72/5929 929 SiS 
Sulfur—not harrowed 100 392.00 40 80 2.925 2.129 21.29 20.49 
Gypsum—not harrowed 595 4.47 89 1.78 3.250 2.454 24.54 22.76 


Quicklime—not harrowed 2000 10.00 2.00 4.00 .865 .069 69 3.31 


Ground limestone—not 
harrowed 2000) 95.00) 1200) 2200) esl7, 92026 OA 
0 


Check—not harrowed 


OC NAUNARWHH 


Avg. Check .796 ; : 
Plots retreated with same amounts of fertilizer in March, 1920. No yields are given 
for plots 7 and 8 for 1919 and hence the average yield is a four year average. 


appreciable effect, showing that sulfur has not liberated this element 
for plants. Quicklime, like heavy sulfur applications, tends to mellow 
the surface soil but does not increase yields as does sulfur or sulfates. 
Due to early fall application this experiment gave time for oxidation, 
and much better results were secured the following growing season, 
Harrowing in pyrites applied on this heavy soil in the fall did not appear 


to hasten their action. 
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Sulfur and réck phosphate. Series of plots of antelope clay adobe 
were treated in the spring of 1917 and of 1919 to test the value of sul- 
fur, sulfur and rock phosphate, gypsum, gypsum and rock phosphate, 
and superphosphate. The results of this experiment appear in Table IX. 

Soil in plots 6 to 11 is slightly better than that in plots 1 to 5 in- 
clusive. There is a growing indication of increase in yield where sulfur 
is supplemented by phosphate. Sulfur and rock phosphate applied to- 
gether may aid prompt oxidation of sulfur and liberation of the phos- 
phorus and ultimately prove more economical than acid phosphate. 


TABLE VIII. COMPARISON OF SULFUR AND PHOSPHORUS 
1917 Series: Reimer Plots, Oregon Experiment Station, Soil Experiment Field, Medford. 


Ave. yield 
Amount per acre 
Treatment per Retreatments 6 yrs. Net 
Plot fertilizer acre 4-15-19 3-1-20 1917-22 Incr. Value gain 
lbs. Ibs. lbs. tons 
1 Check 0 0 0 S439) shank, 5) hose aes 
2 Superphosphate 412 823 412 2.051 1.645 $16.45 $11.65 
3. Gypsum 298 595 298 2.066 1.666 16.66 13.29 
Rock phosphate 281 564 280 = OS eee eee 
4 Gypsum 298 595 298 1.93 153 15.31 13582 
5 Check 0 0 0 3045) ba! pe 
7 Superphosphate 412 823 412 2.238 1.832 18.32 11.64 
Rock phosphate 281 564 281° . 352 (Se pe eee 
8 Sulfur 100 50 50 2.121 1215 17,15 16.48 
9 Sulfur 100 50 50 2.256 1.856 18.56 17.89 
10 Sulfur 200 100 100 2.663 2.257 Papel 19.35 
Rock phosphate 281 564 O81 g2ay Cee” 2 
11 Sulfur 200 100 100 2.043 1.637 16.37 L555 
12 Check 0 0 0 485 ee 


TABLE IX. COMPARISON OF SULFUR AND ROCK PHOSPHATE 
WITH SOLUBLE PHOSPHATE 
1919 Series: Reimer Plots, Oregon Experiment Station, Soil Experiment Field, Medford. 


Yield per acre 


Treatment Amount Average for 
Plot fertilizer peracre 3yrs. ’20-’22 Increase Value Net 
Ibs. tons 
1 Check ON see ences T5406 | tc ee 
2 Superphosphate 412 $7.21 2.40 2.980 1.44 $14.40 $12.00 
3 Sulfur 50 1 SOO cere tay | yceaeene | eek eg ee ed 
Rock phosphate 281 2.81 P27 2.690 Legis) 11.50 10.23 
4 Sulfur 50 IXOOD | kes 2.561 1.021 10.21 6.88 
5 Superphosphate 412 7.21 2.40 2.429 .889 8.89 6.49 
6 Sulfur 50 10000 jcetee | ee ee eee 
Rock phosphate 281 2.81 1.27 2.389 .849 8.49 7.22 
7 Sulfur 50 i COME ee 2.020 48 4.80 4.47 


Treatment applied April 15, 1919. 


Best rate of application. An experiment begun in 1917 by Pro- 
fessor Reimer on antelope clay adobe to determine the most profitable 
rate to apply sulfur is still being maintained. Results show (Table X) 
that on heavy soils the most economical returns may be expected from 
applying one hundred pounds an acre every three or four years. 

In Deschutes fifty, eighty, one hundred, and two hundred pounds 
an acre, and in Union county fifty, one hundred, and two hundred 
pounds have been applied. One hundred pounds should meet require- 
ments of increased yields for three to four years. On sandy soils in 
Deschutes Valley where, with heavy irrigation and rapid drainage, light- 
er and more frequent application is good practice, only sixty to eighty 
pounds every two or three years is necessary. 
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TABLE X, DIFFERENT RATES OF APPLICATION FOR SULFUR 


1917 Sulfur Series, Reimer Plots, Oregon Experiment Station, 
Soil Experiment Field, Medford. 


~ Yield per 


acre ave. 

Treatment Amount Cost for 3 yrs. 

Plot fertilizer per acre per acre 1918-21 
lbs. lbs. 

1 Sulfur 100 $2.00 2.063 

2 Sulfur 200 P 4.00 2.290 

; Sulfur 300 6.00 DRAWS 


Sulfur 400 8.00 ZuliZs 


Treated November, 1917. 

No yield given for 1919 and hence the average is a three-year average although 
the series has run four years. All plots did not receive same amount of water, due to 
slope of land. 


On some soils the initial application may help to establish alfalfa 
and overcome the deficiency so that a lighter treatment will suffice; 
or, in some cases, no retreatment may be required. Retreatment may 
be unnecessary on some acid red hill soils, and excessive amounts would 
tend to aggravate acidity. 

Work on antelope adobe indicates that retreatments are needed each 
four years. 


PROGRESS OF EASTERN OREGON EXPERIMENTS 


Unfortunately the irrigation demonstration farm at Redmond was 
discontinued in 1913, but the fertilizer plots there gave similar yields and 
differences in 1913 as in the preceding year. 

In the spring of 1913 one hundred pounds of commercial powdered 
sulfur was applied to one acre, with an increase in yield of nearly two 
tons an acre over adjoining, untreated, check plots. 

In 1915 three one-acre plots in the Deschutes medium sand area 
were treated as above and on two of these, the Brown and Landis farms, 
practically two tons an acre increase was obtained each year for three 
years thereafter. 


Effect of sulfur on various soils of Eastern or Central Oregon. 
(Table XI). Three fertilizer experiments were started on the Deschutes 
sandy loam in 1918. The plan and results covering a three-year period 
are given in Table XI. The second season of the trial appeared to be 
favorable for slightly larger yields, and the striking increases obtained 
from sulfur and sulfate treatments were slightly less apparent the third 
year of the experiment, indicating need of retreatment. The effect of 
sulfur has been much less the fourth year on this soil. Except in one 
field, these experiments were interrupted the fourth season, as a field 
agent could not be maintained. They proved that use of sulfur was 
applicable to the different project lands in Central Oregon. 


Use of sulfur in comparison with gypsum (Table XII). Good 
gypsum contains about eighteen pounds of sulfur in one-hundred pounds 
of material in available form. Gypsum is mined near Huntington, East- 
ern Oregon, within a short distance of the Malheur, Powder, and Grande 
Ronde valleys, and is readily secured at most trading points in the state. 
Because it is readily secured and easy to apply, farmers have been in- 
clined to continue its use under conditions where it is evidently effective 
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TABLE XI. -EXPERIMENTS ON PROJECTS IN EASTERN OREGON 
; v2 Pex ~~ ~ Crop—Alfalfa 718, 19, °20. 3 yrs. Avg. 


Avg. tons Avg. increase Net value 
Demacre tons of increase 
Van Matre plots, Sisters, Ore. tons tons 
1 Muriate of potash 160 2.95 0.38 $1.00 
2 Sulfate of potash 160 BolO 0.53 0.50 
3 Sulfur 100 Sawvll 0.94 7.40 
4 Check 0) BSIa © Dee eee 
5 Superphosphate 320 3.22 0.65 0.90 
6 Nitrate of soda 80 3.14 (7 3.30 
7 Check ae 0 BOF ee ree 
8 Gypsum utes 50 3.05 0.48 4.55 
Becker plots, Tumalo 
1 Gypsum 50 2.74 0.85 8.25 
2 Muriate of potash 160 1.95 0.06 —4.60 
3 Superphosphate 320 2.39 0.50 —0.60 
4 Nitrate of soda 80 2.32 0.43 1.90 
5 Sulfate of potash 160 2.85 0.96 4.80 
6 Sulfur * 80 2.97 1.08 9.20 
7 Check 0 80, 8) 282)" | ee 
Martin plots, Redmond 
I Cheek 0 AiO, 5 7 ie eee 
2 Muriate of potash 160 4.07 0:00." eee 
3 Superphosphate 320 5.02 0.95 4.70 
4 Nitrate of soda 80 5.14 1.07 Selo 
5 Sulfate of potash 160 5.78 alsgat 12.30 
6 Sulfur 80 5.96 1.89 17.30 
TABLE XII. COMPARISON OF SULFUR VS. GYPSUM 
Deschutes Valley Sandy Loam Soi!s 
= Treatment rer eee 
Plot Fertilizer Amount per acre Yield, tons per acre 
, W. B. Chapman—2 miles north of Redmond, 1918. ; 
Alfalfa 
lbs. tons 
1 Sulfur 80 Lad 
2 Check 0 70 
3 Gypsum 50 LS 
HH. Solburg—3 miles northwest of Redmond. 
1 Sulfur 40 1.88 
2 Gypsum 50 Le Sit 
Brown—3 miles north of Tumalo. 
1 Siu gn 2.69 
2) (njoseiat 2.08 
P. J. Peterson—Grange Hall. 
1 Sulfur 160 2.30 
2 Gypsum 50 1.54 
M. E. Landes—2 miles west of Redmond, 1918. 
Alfalfa 
1 SLE 1 5.44 
2 (Che Clee 238 
3) (Gry SUL oe 2.79 
IRs E. Atkinson—2 miles southwest of Redmond, 1919. 
1 Sulfur 80 2 
2 Check 0 ae 
W. R. Davidson—Terreb 1919. 
Alfalfa Sm Aa 
I Sulfur 100 6.50 
A Gypsum 50 5.39 
ESS Hi. Solberg—3 miles northwest Tumalo. 
1 Sulfur 1918 40 
2 syenbabie SUR) er 
Average 
1 exe 
2 (Gry St ee ee 
3 Clause 138 
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in supplying available sulfur. The disagreeable feature of applying sul- 
fur can be largely overcome by mixing it with damp sand just before 
the application is made; it can then be applied with a land-plaster 
spreader. 


In the spring of 1918 seven demonstration experiments, in addition 
to the Eastern Oregon experiments just reported, were started in the 
Deschutes Valley on medium sandy loam to test further the value of 
sulfur as compared with gypsum. Unfortunately these experiments 
were located on various ranches, and accurate yields were not obtained 
after the first season. The plan of these trials and yields is given in 
Table XII. Applications were made before alfalfa began growth. The 
alfalfa was usually renovated and was irrigated so that the sulfur became 
rapidly oxidized, and sulfur plots frequently out-yielded the gypsum plots 
the first season. 


Rate and form of application. Six cooperative demonstration experi- 
ments were conducted in Union county by County Agent Paul Spillman. 
Applications to alfalfa plots were made in the spring of 1917, gypsum 
being applied at the rate of fifty, one hundred, two hundred, three hun- 
dred pounds to an acre and sulfur at the rate of one hundred and two 
hundred pounds an acre. Three fields employed were clay loam, two 
were dark silt loam, and two were sandy loam soils. Only one of the 
soils received irrigation, and, as the first season was a dry one, results 
were secured from only the irrigated field. A dark silt loam soil em- 
ployed belonged to Mr. Homer Carnes, located near North Powder. 
Two hundred pounds of sulfur increased the yield three hundred pounds, 
while a like amount of gypsum increased the yield 450 pounds the first 
season. A hundred-pound application of sulfur gave a season’s increase 
in yield of 612 pounds, while a hundred-pound application of land- 
plaster gave an increased yield of 797 pounds. The following year all 
seven trials gave substantial increases from applications of sulfur and 
sulfate. Accurate yields were not obtained after the second year. The 
results show greatest profits from using 200 pounds of gypsum or 100 
pounds of sulfur on alfalfa meadows. By 1920 it was found that the 
fifty-pound and one-hundred-pound applications of gypsum caused little 
appreciable increase in growth, while the increase in yield for two-hun- 
dred- and three-hundred pound applications was still apparent and the 
one-hundred- and two-hundred-pound applications of sulfur were still 
giving marked increases. ‘The fifth season the increase from the sul- 
fured plots appeared to be as marked as in previous years, while the 
gypsum treatment had run out. Data of the first two seasons show that 
the gypsum was most effective in the season of 1918, but the sulfur had 
become most effective by 1919, showing that it is the more economical 
and permanent treatment. 

As an average of all trials to and including 1920, sulfur applications 
in the Deschutes Valley have given a net profit of $18.00 over untreated 
plots, while gypsum has given an increased net profit of $6.50 or less 
than half as much. These results emphasize the need for sulfur. 


New fertilizer experiments in Eastern Oregon (Table XIII). A fer- 
tilizer experiment was initiated on Deschutes medium sandy loam in the 
spring of 1921 planned with the sulfur problem in mind and arranged 
to include a series of plots cropped to alfalfa for rotation with others 
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receiving similar treatment and cropped to grain and potatoes. The plan 
of experiments and the results obtained are summarized in Table XIII. 
This soil is medium sandy loam of medium depth. A light application 
of gypsum had been used to start the alfalfa. This lessened the results 
from sulfur the first year. The liberal amount of irrigation used and the 
limited quantity and percent of plant food tend to lessen the duration 


TABLE XIII. RECENT FERTILITY TRIALS IN DESCHUTES VALLEY, 
EASTERN OREGON 


Deschutes sandy loam, Adams tract, Redmond 


ee ———— 


Two-year Net 
increase value* 


Rate per Cost of Yield per acre from two-year 
, acre treatment 1921 1922 fertilizer increase 
Alfalfa 
lbs. tons tons 
Tami@hects emg iS ee ee Aes 2.70 3.50.°°O whee ees 
2 Sulfur 100 $2.00 2.99 3.84 48 2.30 
3 Gypsum 200 1.50 2.96 3.70 .26 1.10 
4 Rock phosphate 600 6.00 2.98 3.68 .26 -3.40 
5 Triple phosphate 100 2.50 3.01 Sil a7) 70 
Ga G@hecis sum litle. | i eset Das 2.81 3:14) = ee en 
7 Potassium chloride 100 S10) 3.02 3.98 .60 250) 
8 Potassium sulfate 100 3.50 3.02 4.57 1.19 8.40 
9 Nitrate of soda 100 3.50 2.83 3.74 slid —1.80 
10 Ammonium sulfate 200 8.00 3.04 3.91 ARS) —2.50 
dime Check pd; bee = 5 9 ai ee Sate 2.80 3:07) sthean 9 SES 
12 Sodium nitrate 100 S50) 3.05 3.86 51 —2.60 
Potassium chloride 100 3/00). baer Re ares 
13 Sodium nitrate 100 3.50 2.97 3.69 26 —.90 
Triple acid phosphate 100 B05 ote fee se ee ees 
14 Potassium chloride 100 3.50 3.02 3.91 50S 1.80 
Triple acid phosphate 100 B00) PG eh ae Fes 0 ee 
15 Triple acid phosphate 100 2.50 2.99 Be/ 4 31 60 
Potassium chloride 100 30509 @ Ee eee eee eee 
Sodium nitrate 100 S500 0 cases 0 Pee” ee 
l6e (Check) 95 wy 997 9 © hee Ee 2.78 3565." " — tees 
17. Sulfur 100 2.00 2 OO 18 -.20 
Manure LOG? Oe Se SS? eee 
18 Rock phosphate 600 6.00 298) ee 21 —3.90 
Manure LOT 2 7 Tec CEE ee 
PAVGRA RE ROTECKCCK:Sy y=) NUT ll Neeson Ueno 2.77 3:000  — Soars ere 
Potatoes bu. 
ie Check< a 2 Ve) a ta Ge ie re 82 225) 2. (22 es 
2 Sultur 100 2.00 98 245 38 20.80 
3. Gypsum 200 1.50 103 244 42 22.70 
4 Rock phosphate 600 6.00 100 245 . 40 18.00 
5 Triple acid phosphate 100 2.50 88 249 32 16.70 
Gm Checks) gate Phas os Pye ee Peezc cee Yee 69 223) 1m te ee 
7 Potassium chloride 100 le) 119 250 64 34.90 
8 Potassium sulfate 100 3.50 116 244 60 S 2200 
9 Nitrate of soda 100 3.50 103 249 47 24.70 
10 Ammonium sulfate 200 8.00 118 253 66 34.60 
hie Check (ips) ime Ae U9) Be 2S5 ees 91 233 19 11.40 
12 Sodium nitrate 100 3.50 105 245 45 23.50 
Potassium chloride 100 S500, eee ee 
13 Sodium nitrate 100 3.50 112 246 53 28.30 
Triple acid phosphate 100 200. UO. | cot Op Se eee rr 
14 Potassium chloride 100 3.50 117 247 59 31.90 
Triple acid phosphate 100 ZOO q whasss: We US hae ea meet eee 
15 Triple acid phosphate 100 2.00 119 250 64 35.90 
Potassium chloride 100 S350°\' Bak) See ee 
sees nitrate 100 350) o 8 Ban =~ een ee eee 
16 NECK Sa Rone) A OR cme 87 233 ¢ 
17, Sulfur 100 2.00 re Ea eo 
Manure TOT. © hess a) (ak ag ee ee a 
18 Rock phosphate 600 6.002 @. Bie. Ale ee ee ee eee 
Manure 10T aes eed ae =e ents 


AAVGrASCZOMGCHDEGICS |) ne eee ee 77 228 


*Hay at $10.00 per ton. Potatoes at 50c per bu. 
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of the sulfur treatment. Comparatively light, frequent applications of 
sulfur and sulfate fertilizers will consequently be most economical. In 
recent years there is also a growing indication that in time potash will 
need to be supplied. This soil responds to nitrogen unless it is supplied 
by rotation with legumes. During seven seasons’ fertilizer experiments 
with potatoes conducted in this section potash has been found to pay 
well. The form of potash fertilizer that has paid best has been sulfate 
of potash. Ammonium sulfate on non-legume sod has given good re- 
sults; where increase has been obtained from the use of sulfur or am- 
monium sulfate, the results may be partly due to the checking of potato 
scab. Nitrogen can be obtained under Deschutes Valley conditions by 
rotation with legumes. Sulfur can be obtained more cheaply in elemental 
form. ' ¥ 
TABLE XIV. SUMMARY OF FERTILIZER TRIALS, DESCHUTES VALLEY, 
EASTERN OREGON 


Trials mainly in 1912 and 1918, 1919, 1920. Oregon Experiment Station Department ol 
Soils. Four-year average. 


Net 


.No. Average in- value* 
of Ave. rate per acre Ave. yield crease over of 
Fertilizer Crop trials Applied Value per acre check plot increase 
Sulfur Alfalfa 8 80 $3.20 4.35 les! 4h $18.00 
Sulfur Oats 1 80 3.20 30 bu. 5 bu. .80 
Gypsum Alfalfa 10 52.5 OW, Say Le LO70 Ts 6.51 
Phosphorus Alfalia 6 280 SoZ 3205 .n. ilgalo) wate, 8.44 
Phosphorus Barley 1 320 Sail 66.2 bu. 3.40 bu. 1.30 
Nitrogen Alfalfa 6 80 3.20 4.00 T. ea Te 9.80 
Nitrogen Barley 1 160 6.40 69 bu. 8.4 bu. 3.05 
Manure Barley 1 OMT es se Ole7) bite Il bu: 
Muriate of potash Alfalfa 4 140 13.90 S,09F Ls One dee 6.20 
Muriate of potash Potatoes 7 130 11.55 113 bu. 24. bu. 8.10 
Sulfate of potash Clover 1 160 14.40 5 04abe ieyAl “An. 10.90 
Sulfate of potash Alfalfa 2 120 8.75 Seasons isi) Ab. 8.92 
Sulfate of potash Potatoes 11 160 14.40 235 bu. 90 bu. 40.20 
Kemfert Potatoes i] 126 7.94 94.4 7.6 bu. —3.76 
Kelpchar Potatoes 4 240 US yilhs) 98.5 25.72 bu. -1.54 


* Hay at $10.00 per ton. Potatoes at 50c per bu. 


Cost, value, and profit from fertilizers used in Deschutes Valley, 
Eastern Oregon (Table XIV). A summary of all representative fertilizer 
trials in the Deschutes Valley is given in Table XIV. This table is ar- 
ranged to show the cost, value, and profits from fertilizer treatments, 
using the market prices for fertilizers and products. The largest profit 
has been realized from potash on potatoes, the next largest net profit an 
acre has been realized from the use of sulfur on alfalfa. Sulfur trials 
have been made on most of the alfalfa soils in the state and nearly all 
of the important alfalfa areas respond to sulfur to a marked extent. 
There appears to be little relation between soil texture and reaction from 
sulfur treatment. Free working soils perhaps oxidize a little more sulfur 
and the results seem to be a little more rapid on such land. Under irri- 
gation, however, the duration of the sulfur treatment is not so long on 
sandy as on the heavy-textured soils. There does appear to be a fairly 
close relation between the sulfur content of soils and their response to 
sulfur treatment. These experiments were retreated and extended at the 
beginning of the growing season of 1923 to study the effect of different 
forms of sulfur and different rates of application. 
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Sulfur versus potassium. The results as summarized for recent ex- 
periments for Deschutes Valley sandy loam indicate that sulfur is havy- 
ing some effect on the liberation of potassium. This is also indicated by 
certain recent observations on Willamette silt loam. Composts with 
these soils have been prepared in the laboratory to test the effect of dif- 
ferent rates of sulfur and gypsum on solubility of mineral plant food. 


SULFUR FERTILIZERS ON VARIOUS S01 ives 


Sulfur fertilizer trials have been conducted on some two dozen of 
the leading soil types of Oregon, with results as summarized in Table 
XV. These trials indicate that at least 100,000 acres of alfalfa in Oregon 
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Fig. 9, Effect of sulfur on Klamath Project soil. 


could be profitably sulfured. Another area of equal size which could be 
used for alfalfa in rotation should respond equally well. The soils re- 
sponding range from fine sand to clay adobe. Some soils in the humid 
sections, notably the older grain lands in the lower Willamette Valley 
and the red hill lands, appear to be in need of sulfur in many cases. 


Soils which do not respond to sulfur. A few soils have been found 
which do not appear to need sulfur. Medford loam and peat or muck 
soils, being well supplied with vegetable matter, contain a large sulfur 
supply. Medium and coarse sand in Umatilla basin receives nearly suf- 
ficient sulfur from the large applications of irrigation water applied and 
has given increases in but few cases. Willamette silty clay loam in the 
upper Willamette Valley contains 600 to 700 pounds of sulfur in an acre 
to plow depth, and since this sulfur oxidizes readily little increase is 
obtained from sulfur applications. 


Correspondence with experiment stations and a study of station 
literature throughout the United States, and of rock compositicn, lead to 
the view that the basaltic soils of the Northwest offer the greatest field 
for profitable use of sulfur on soil in the United States. 
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TABLE XV. ALFALFA YIELDS WITH AND WITHOUT SULFUR ON 
VARIOUS SOILS OF OREGON 


Treatment Average 
; Amt. Annual gain 
: Location No. of per avg. yield from 
Soil and farm plots Kind acre  peracre treatment 

1 Antelope clay adobe Bernst, 10 NOG ma eee (Okey A eee 

Medford 1 Gypsum 297.5 PA NIP 2.440 

4 Sulfur 100.0 2.678 2.108 

2 Medford fine sandy M. Hanley, if None 0.0 2-405. eee 

loam Jacksonville 1 Gypsum 300.0 3.875 1.470 

if Sulfur 300.0 3.460 1.055 

3 Tolo loam Frame, 2 None 0.0 ViL42 

Talent, Oregon 1 Gypsum 590.0 1.908 0.766 

1 Sulfur 100.0 1.283 0.141 

4 Phoenix clay adobe Barneburg, Js None 0.0 540-9 eee 

Medford 1 Gypsum 595.0 psy) 2.002 

1 Sulfur 100.0 2.284 0.734 

5 Medford gravelly Hartley, 6 None 0.0 LOM Gees 

clay loam Talent, Oregon 2 Sulfur 300.0 1.970 0.860 

6 Salem clay loam Hanley, 3 None 0.0 1305) eee 

Medford if Gypsum 595.0 3.654 2.349 

1 Sulfur | 100.0 3.862 PRBS Sie 

7 Coleman gravelly Schnebley, 3 None 0.0 00565 eee 

clay loam Phoenix, Ore. 1 Gypsum 595.0 1.270 0.735 

1 Sulfur 100.0 1.090 0.555 

8 Barron coarse sand Schneider, 2 None 0.0 1.314 1.088 

Ashland 1 Gypsum 374.0 2401 Soe 

9 Salem fine sandy Modoe Orchard 1 None 0.0 05/6 0s 

loam (coarser phase) Table Rock = Gypsum 200.0 1.800 1.040 

= Sulfur 200.0 1.530 0.770 

10 Willamette silt clay Ore. Exp. Sta. 10 None 0.0 5: 000G5 ees 
loam Corvallis 10 Sulfur 100.0 5.04 .04 

11 Umatilla medium’ Br. Exp. Sta. 2 None 0.0 2:064 ee 

sand Supt. Dean 2 Sulfur 200.0 3.912 .848 

P Gypsum =. 200.0 3.690 .626 

12 Umatilla fine sand Stanfield 2 None 0.0 405 — me, eee 
C. W. Connor 2 Sulfur 100.0 6.38 Se 

13. Fine sandy loam Boardman 2 None 0.0 D500) am) eats 
Mr. Cobb 2 enlarge eens! 6.25 0.75 

14 Deschutes sandy All exp. fields 8 None 0.0 350.0) ener 2 
loam 10 Gypsum 60.0 4.73 173 

8 Sulfur 100.0 4.02 1.02 

15 Very fine sandy loam Dufur 2 None 0.0 150, eee 
M. M. Burtner 2 Sulfur 100.0 4.00 2'5 

16 Dark loam Union Station 8 None 0.0 6435 eer 

Supt. Withy- 2 ‘Sal tee 7.08 625 

combe 2 (Grips ee 7.24 .780 

17. Dark loam Carnes 4 None ys 2250) Bae 
N. Powder 4 Sulfur 100.0 4.00 1.50 

18 Dark 1 Vale 2 INioner es) Wyn 2290 ee ee 
igs Russell 2 Sulfur 100.0 2.41 BiB 

{OP ec. ee ee Harney Br. Sta. 2 Nones 7) ac AlO 1 renee 
Supt. Shattuck 2 Sulfur 100.0 5.10 19 

20 Sandy loam J. F. Hansen 6 INonlesy i eeess=s 1S OPE @) Meee 
Lakeview 6 Sulfur 100.0 3.00 1.50 

21 Klamath clay loam Klamath 5 INGA eee 20 
Nelsons 5 Sulfur 100.0 3.26 2.06 

22 Yakima sandy loam McClay i Nome > Tae 3.30 ue 
ae Klamath 1 Sulfur 100.0 4.86 1.56 


Effect of sulfur on different crops (Table XVI). The yields of 
crops included in sulfur fertilizer trials is compiled in Table XVI. The 
legumes responding well to sulfur in order of increase are alfalfa and 
red and alsike clover. A number of crops of the legume and the cabbage 
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families were included in a trial in 1920 and 1921 to test the effect of sul- 
fur and gypsum when grown on antelope clay adobe. The effect of 
sulfur on field peas, so far as tried, is not striking. On antelope clay 
adobe soy-beans yielded 816 pounds an acre unfertilized in 1920. With 
one hundred pounds of sulfur an acre the yield was 944 pounds, and 
with 250 pounds of gypsum an acre the yield was 1255 pounds. 

Among the cereals, oats required most sulfur. Some moderate in- 
creases have been secured from sulfur with wheat and corn. Sulfur ap- 
plied to kale and rape on Willamette silty clay loam at Corvallis in 1913 
failed to give an increase in yield. Kale and sunflowers fail to respond 
to sulfur. % 


TABLE XVII. 1921 Sertzs. INOCULATED SULFUR VS. UNINOCULATED 
SULFUR 


Antelope clay adobe, Southern Oregon Soil Experiment Field. Seeded 1920. Treated 
July 14, 1921. Yield pounds per acre. 


1921 ——-1922.—— 
Last First Second Tons 
Plot cutting cutting cutting for yr. 
iN NCS) eK et cee See ee eee eR ee ery eer 1215 2830 1180 2.065 
Came OORDOUNdS tOutbeaCr tes. uesee nee en eee eae 1215 3410 1540 2.475 
Inoculated sulfur 
3) WOOK pounds to) the \aCre sii ece ee reece eee : 1115 3735 1540 2.135 
Sulfur 
hse CL OG Kame ete sea 3 acs sata sa See ee eater 1180 3035 1425 2.230 


TABLE XVIII-A. VALUE OF SULFUR IN CONNECTION WITH MANURE 
: AND ROCK PHOSPHATE 
1920 Series: Oregon Experiment Station, Soil Experiment Field, Medford. 


Treatment 


Plot Bertilizer Amount Yield per acre 
per acre Cost —Average for 2 years—1920, 1922— 
Ener, 1.9: Net 
tons 
Manure 20 Tn ~~ Mgt REE be re Ae ee 
1 Sulfur 100 lbs. $2.00 Zao 1.055 $10.55 9.55 
Manure ZOE GS Se = eee ee 
Sulfur 100 lbs. 2:00" ne NS ee 
24 Rock phos- 

phate 281 lbs. 2.81 2.225 .970 9.70 7.30 
3 Manure ZOXE ioe = eee LiZs$-— Vas” ke 

4 Check 0 paw CO aes R565 e  eeees : 


Treatments applied September, 1920. 


TABLE XVITI-B. VALUE OF SULFUR IN MAKING PHOSPHORUS 
AVAILABLE 


Cascade silt loam (hill phase) Multnomah county. 


——_——_——-Yield per acre tons 
October hay—1922 


, Limed 

; Treatment Corn Potatoes 14 tons 

Kind and rate per acre 1920 1921 No lime an acre 
Untreated check plots, average 11.047 5.445 .975 1.263 
Sulfur 100 Ibs. 11.987 7.074 .957 891 
Manure 10 tons 11.918 5.895 1.343 1.436 
Sulfur ++ manure 10 tons 12.946 8.910 1,569 1.584 
pupcrphe phate feGo ae 12.591 6.525 1.091 1.197 

ock phosphate S: 11.613 : 

Sulfur 100 Ibs. + rock oe roe ee 
PROSphaner S00 DS see We yah 9g eer Nl eeanh se Or eee .944 12277) 


Sulfur 100 Ibs. + rock phosphate 
500 Ibs. + manure 10 tons 


x ee eee 1,197 1.569 
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Value of activated or inoculated sulfur (Table XVII). Practically 
all the striking results obtained from sulfur as a fertilizer in Oregon 
have been secured with uninoculated ground sulfur. The bacteriologists 
of the Oregon Station find that many Oregon soils contain a plentiful 
supply of sulfofying bacteria, and that sulfur oxidizes at a more rapid 
rate than required by crops. Under severe or unfavorable climatic or 
soil conditions it is necessary to apply sulfur several weeks before growth 
begins, and it is generally helpful to harrow it in, or use some gypsum 
the first season with late applications. 

In the spring of 1921 a supply of activated sulfur was secured 
through the courtesy of Dr. Jacob Lipman, director of the New Jersey 
Experiment Station, for use in field trials at Medford and Hermiston. 
Further trials have since been added at the branch station at Union, 
Oregon. No definite response from sulfur was obtained at Hermiston 


Fig. 10. Effect of sulfur, Deschutes Valley trials. 


Station even when used with manure or activated, until the present 
year, when the spring rain lessened the amount of early irrigation. At 
Medford some advantage was gained in point of time by use of inocu- 
lated sulfur. 


VALUE OF SULFUR AND SULFATES IN RESTORING 
STRUCTURE-OF DRAINED ALKALEEAND 


Many years ago Dr. Hilgard® suggested the application of calcium 
sulfate or gypsum to black alkali for converting it into soluble form in 
the soil so that it could be “laundered” out following drainage by copious 
irrigation. Dr. Scofield* more recently has proposed the use of alumi- 
num sulfate to prevent the running together of land containing black 
alkali, and has suggested that this running together is due to the action 
of soda salts on the silicate in the soil, causing the development of 
colloidal sodium silicate, or water-glass. Aluminum being trivalent, 
rapidly setting free the sulfuric acid in the soil, is looked to by him as a 
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permanent corrective for breaking up or overcoming this colloidal condi- 
tion. Some interesting results with sulfuric acid were obtained by Dr. 
Lipman® in California experiments. 

In 1918 and 1919 sulfur applications were used on sweet clover seed- 
ings on land affected with alkali near Klamath and Ontario. There was 
an improved growth of sweet clover, which was calculated to add green 
manure and loosen the soil. There was apparently an improvement in 
the structure of the land, which was given copious irrigation. 

Improvement of alkali land is regarded as one of the larger soil 
problems in Eastern Oregon, and has been made the object of special 
investigation during the past three seasons. Experiments outlined by 
the writer and placed in charge of W. W. Johnston of the Soils depart- 
ment will be reported in detail later. Since good progress has been 
made, these experiments are here briefly referred to. 


Fig. 11. Effect of sulfate on clover nitrification. 
1 Untreated. 2 Lime. 3 Lime and sulfur. 4 Sulfur. 


A ten-acre tract was selected near Vale at the beginning of the 
season 1921, having a mixed growth of sagebrush and greasewood, 
being situated within reach of an outlet into the river channel. A ditch 
was started with the use of a V-grader, Fresno scraper. A stream of 
water amounting to 4 or 5 cubic feet a second was then run through, 
while the soil was scarified by means of a one-horse cultivator. This 
sluicing method proved to be an economical method of building ditches, 
and a local farmer, Mr. Purvis, perfected a scarifying tool similar to a 
thresher cylinder to facilitate this process. : 

The experimental tract was then cleared and checked for irrigation 
and sampled. It was divided into some twenty half-acre plots, treated 
with different amounts of sulfur, gypsum, gypsum and manure, and 
aluminum sulfate. Straw cover and sweet clover straw containing ma- 
tured seed were also employed. The land was given copious irrigation 
the first season, amounting to a total depth of 48 to 60 inches. A large 
proportion of the soluble white alkali was removed during this first 
season’s flushing, as indicated by determinations at the end of the 
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season. Sweet clover and rye were planted and a spotted crop secured 
the following summer. The amount of black alkali was not substantially 
reduced, and except with the heavy sulfate treatments, it largely re- 
mained in the land, while on an average more than a ton an acre of total 
salts was washed out of the land. 


TFlushing was continued through the second season. Percolation 
was found to proceed better, particularly on treated plots due to im- 
proved structure. A large part of the black alkali was removed where 
sulfates were applied. This soil is well supplied with calcium. Rye and 
sweet clover were again seeded, and where the best treatments have been 
employed a fair crop is being secured. 


Fig. 12. Purvis sluicing machine. 


The bearing strength of bricks made of this soil in the laboratory, 
sun dried and tested in the engineering laboratory, have been found to 
be reduced about one-half with certain sulfate treatments, particularly 
heavy applications of gypsum and manure. 

The seeding of ditched, uncleared land appears to be advantageous 
during the flushing process, and some native and volunteer growths 
offer opportunity for pasture during reclamation, thus reducing expense. 
Eight dollars’ worth of sulfur made possible a ton of rye an acre where 
nothing grew before. Field work is checked by tank work in the green- 
house where rye and sweet clover have been grown with fair success on 
tanks given sulfate treatment, a maximum growth occurring on tracts 
receiving heavy application of alum, sulfur, gypsum, or manure. The 
leaching process in the field has removed a quarter to a third of the 
nitrate and sulfate content of this soil. Trials with ammonium sulfate 
and other applications for replenishing fertility are under way. Detailed 
data will be the subject of another report. 


Value of sulfur in aiding solubility of phosphorus (Table XVIII). 
Sulfur rock-phosphate composts have been studied by Lipman” and 
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others for makitig phosphate available. Field trials have been conducted 
in recent years to test out the practicability of applying sulfur and 
ground raw rock phosphate for maintaining supply of these elements in 
certain Oregon soils. Two of the experiments for which there is more 
than one year’s record are reported in Table XVIII. 

Experiments started on antelope clay adobe in the spring of 1919 
(Table XVIII-a)were planned to test the value of sulfur and manure in 
making available phosphorus in raw rock phosphate. The experiment 
gives indication that the treatment will prove economical. The soil is 
giving marked response*to barnyard manure. 

In experiments on*the Carlton silty clay loam in Benton county 
(Table XVIII-b) and Cascade Powell silt loam in Multnomah county 


Fig. 13. Ditch made with Purvis sluicer. 


in the humid sections, sulfur, rock phosphate, manure, and lime have 
given some of the largest yields. Lime, however, was added at another 
time in the rotation than was the sulfur. 

Composts prepared by Professor C. V. Ruzek to study liberation of 
phosphate in red hill soils were made to include sulfur at the suggestion 
of the writer. These studies will be a subject for a separate report. The 
effect of sulfur in this study is briefly summarized by Professor Ruzek 
as follows: 

“Sulfur, and sulfur and manure, composted with rock phosphate and 
soil increased the amount of available phosphorus. These composts 
showed a gradual increase during the first twelve weeks of incubation, 
and then gradually decreased. Clover grown in pots in the greenhouse 
showed a more marked gain in yield than indicated by analyses. When 
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lime was added to these mixtures it retarded the availability of the rock 
phosphate.” 


Value of sulfur and sulfate alternated with ground limestone in hu- 
mid climates. Trials are under way including the sulfur, lime, and 
manure combinations, especially on four humid red hill soils (Table 
XIX). Sulfur has given slightly greater increases than phosphorus on 
these soils, and lime has given moderate to good results. In the Mult- 
nomah experiment just cited, lime, manure, and sulfur have given good 
results on a soil containing good amounts of phosphorus but of rather 
low availability, due to high iron content. Sulfur alone has depressed 
growth of vetch in one instance. Sulfur alone applied to Willamette 
silty clay loam at Corvallis has increased acidity somewhat. In the 
Multnomah county experiment above cited, combined application of 
sulfur and manure gave the highest yields. 


The yield of spring wheat on Carlton silty clay loam in Benton 
county, 1922, for plots involving sulfur is reported in Table XIX. 


TABLE XIX-a. USE OF SULFUR IN ALTERNATION WITH LIME FOR 
HUMID SOILS—CARLTON SILTY CLAY LOAM, BENTON COUNTY 


Treatment No lime Lime, 2 tons an acre 
Ave. all checks. Wheat, bushels per acre............ 12.6 125 
Syolarwe ES UOh ToxoybhaXalcy eehube ce Ye) coepeeeeee ne ee oe meee eeepc ee SH 20.5 
Sulfur 150 pounds an acre and manure 10 
tons -+ rock phosphate 1000 pounds an acre 19.5 15.0 
10 tons manure and treble superphosphate 110 
AOU Smarty ACh ete eee sss deterrent ecu. ete eee 14.5 P2e7, 


A dry season caused lower elevations to yield more and interfered. 


In Marion county in a fertilizer experiment on Olympic clay loam 
that had been limed and manured the yields were as follows: 


TABLE XIX-b. USE OF SULFUR ALTERNATED WITH LIME 
OLYMPIC SILTY CLAY LOAM, MARION COUNTY 


Corn yield in tons 


Gaimiers tons and manure 10 toms ai, Aer eee. cee cae retirees tps e acces cnrede tee ccelnecexs viprAs) 
Lime 2 tons and manure + sulfur 100 pounds an acre.........----------.--0--------- 9.40 
Lime 2 tons and manure + sulfur + rock phosphate 600 pounds an acre 11.00 
Lime 2 tons and manure + rock phosphate..........--.---2.-.--2-20-2---- aoe 6.28 
Lime 2 tons and manure + treble superphosphate 100 pounds 8.00 

+ acid phosphate 250 pounds........ ee 8.86 


Lime 2 tons and manure 


Here the sulfur and rock phosphate on limed, manured land gave 
the maximum yield. This experiment is of too short duration to warrant 
any definite conclusion as to value of sulfur on these soils. 


EFFECT OF SULFUR ON ACIDITY OF HUMID SOILS 


Heavy and repeated applications of sulfur have been made in the 
Oregon experiments to learn the ultimate effect of using sulfur upon 
soils. Samples of the oldest (1915) series of plots on antelope clay adobe 
were collected (1922) and submitted to the Truog acidity test. Only 
slightest acidity was found in the case of the one plot receiving 600 
pounds an acre of sulfur at each application. These samples were also 


40 


submitted to the department of Bacteriology for hydrogen-ion tests with 
results as follows: 


TABLE XX. EFFECT OF SULFUR ON REACTION 


Treatment Amount (Ping 

Can Plot. No. 1915-’17-’20 
1915 1 5 Check Th? 
1915 2 6 E Sulfur 100 pounds an acre 7.0 
1915 SS 7 W Sulfur 300 7.0 
1915 4 7E Sulfur 300 reapplied 7.0 
Jan. 1916 5 Br Sulfur 600 6.8 


~ * Ph, 7.0 represents neutrality, lower values acidity. gre 

Samples were collected in November, 1922 from certain of the fer- 
tility plots on Willamette silty clay loam started at Corvallis in 1914 and 
retreated in 1917 and 1920 at rates given in Table XXI. Tests were 
made by the department of Bacteriology with results as follows: 


TABLE XXII. EFFECT OF VARIOUS FERTILIZERS ON 
H-ION CONCENTRATION 


Sample 
Plot E Treatment A B 
3, Check See Sez 
14 Nitrate 100 pounds 5.8 5.8 
15 Potash sulfate 160 pounds Sas 5.8 
16 Superphosphate 320 pounds 5.6 5.6 
17 Check 6.0 5.8 
18 3000 hydrated lime 6.8 6.4 
19 320 pounds sulfur 5.4 Ss) 
20 Manure 12 tons 6.3 6.2 
Al Check 5.8 6.0 
22 Potash, Nitrogen and Phosphate 5.8 6.0 


a The figures represent the Ph. values. Ph. 7.0 represents neutrality, lower values 
acidity. 

Professor W. V. Halversen, who made these tests, makes the fol- 
lowing observation: 

“There are three very interesting things brought out by these tests; 
namely, (1) the neutralizing value of both lime and manure, (2) the 
acidity produced through the oxidation of sulfur, and (3) the fact that 
superphosphate has had very little effect on the reaction of the soil.” 

Some humid soils which are deficient in sulfur and respond to appli- 
cations may not require repeated treatments, or the treatments may be 
lighter after the initial application. Continued use of sulfur on such 
humid soils may make more necessary occasional liming, alternated with 
sulfur applications. 
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BEPPECT OF SULFUR ON NITRIFICATION 


The dark green color of sulfured alfalfa, the increased nodule forma- 
tion and higher protein content in irrigated sections all indicate that 
there is an important relation between sulfur and nitrification. This 
may be very different in an arid soil of alkaline reaction from what exists 
in a humid soil of moderate acidity. Use of gypsum on clover in West- 
ern Oregon is an established practice and has been followed for a gen- 
eration. Gypsum is used on the Experiment Station farm as a definite 
aid in establishing a new seeding of clover. To study the effect of such 
treatments the writer ran some pot tests with Dayton silty clay loam in 
March, 1921. The soil was brought in from the field at the close of the 
rainy season in quantity sufficient to fill 8 one-gallon earthenware jars. 
Four jars were planted to red clover and four were kept as a fallow 
series. One pot of each series was treated with sulfur, a second pair 
with gypsum, and a third with sulfur and lime. The remaining pair were 
used as controls. Jars were kept at about the optimum moisture content 
under greenhouse conditions and sampled and tested for nitrate every 


Fig. 14. Plots used in alkali reclamation experiments. 


ten days. At the beginning of the trial scarcely a trace of nitrate could 
be found in the soil used. Nitrates began to form during the first ten 
days, and differences increased until the harvest time in June, when 
results were as reported in the following table: 


DAYTON SILTY CLAY LOAM, SPRING 1921 


Yield of Yield of 


Mes. NO3s clover in clover in 

per 100 grams grams 

Treatment gms. soil per pot per pot 

P Fallow pots Clover pots 

it None ot! 21.0 11.51 
2 100 pounds an acre sulfur , 33.6 12.4 12.94 
3 100 pounds sulfur ++ 3000 pounds lime 49.8 25.1 12.38 
4 200 pounds gypsum 43.0 9.2 8.95 


This trial indicated that with this acid soil sulfur alone tended to 
depress nitrification, while its use in combination with lime stimulated 
nitrification. 
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This led to a more careful study of the problem by the department 
of Bacteriology with a humid soil known to respond to sulfur, with re- 
sults described by Professor W. V. Halversen as follows: 

“It is generally conceded that alfalfa and clover are heavy nitrate 
feeders. At the same time it will be readily surmised that nitrate pro- 
duction would be inhibited through the accumulation of inorganic acids. 
These lines of reasoning would lead us to conclude that the phenomenal 
increase in the yield of alfalfa when sulfur is applied to some soil types 
is entirely due to the supplying of a limiting plant food element. 

“To check carefully on the relation of sulfur oxidation to nitrate 
production, some tésts and observations were made on a sample of Carl- 
ton clay loam. A large sample was procured from the field, divided into 


Fig.°15. Sweet clover on partly reclaimed alkali land. 


seven portions, and treated as shown in the following table. Each of 
these portions was again divided and placed in two gallon jars in the 
greenhouse, one portion being kept fallow and the other planted to 
clover. 

“The following table shows an intimate relationship to exist between 
the soil treatment, nitrifying power, and crop yields. 


Megs. N.as 
NOs per 
100 gms. Yield of 
soil clover in H-ion 
Fallow grams per concen- 
No. Treatment (4 det.) pot tion 
1 Check 4.50 13.9 5.8 
2 100 pounds sulfur 3.95 16.3 SL 
3} 500 pounds sulfur 3.92 12.9 535) 
4 200 pounds gypsum 4.12 ilye// 5.8 
5 100 pounds sulfur + 2000 pounds lime 5.83 16.6 6.0 
6 500 pounds sulfur + 200 pounds lime 5.05 15.5 5.7. 
7 2000 pounds lime 5.29 15.0 6.0 


“Determinations have been made on the amount of nitrate accumu- 
lating in the soil and also on the power of the bacteria in the soil to pro- 
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duce nitrates from ammonia. Though this work is still in progress cer- 
tain things seem apparent. 


Fig. 16. Greasewood land, Vale, Oregon. Rye failed after drainage and with no 
chemical treatment. 


Fig. 17. Greasewood land, Vale, Oregon. Received sulfur and manure and yielded one 
ton of rye hay an acre after drainage and flushing. 


“1. That the application of sulfur alone lowers the nitrate producing 
power, whereas 100 pounds of sulfur applied with one ton of 
lime stimulates the nitrate producing power of Carlton clay 


loam. 
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‘2. Lime and sulfur together gave the largest yield of clover under 
greenhouse conditions. The second largest yield of clover 
came from 100 pounds of sulfur alone per acre. i 


“3. The oxidation of large quantities of sulfur materially lowers the 
yield of clover, also the nitrate-producing power and increases 
the acidity of this soil type. 

“This problem is being carried out in the Bacteriology department 

in cooperation with the Soils department.” 


EFFECT OF SULFUR ON WATER REQUIREMENT 


Sulfur treatments included in tank and pot water-requirement studies 
indicate that sulfur is an especially critical element, although only a little 
seems to be required. Results of one such trial are given as an illus- 
tration. 


WATER REQUIREMENT OF OATS GROWN ON DESCHUTES MEDIUM 
SANDY LOAM SOIL 


i Yield Water requirement 
per lb. dry matter 


Wrutreated | 220 sii ss eas 16.2 gm. 2125 pounds 
Sulfur 100 pounds an acr 57.9 gm. 594 pounds 


VARIOUS: EFFECTS OF SULFUR IN AGRICULTURE 


Sulfur controls many plant diséases and parasites. Potato scab 
is held to be decreased by sulfur as a result of increased soil acidity, 
and activated sulfur is regarded by the New Jersey Station as more 
prompt and effective for this purpose than ordinary sulfur. The red 
spider pest has been effectively controlled by dusting with sulfur on 
Oregon soil plots. Eel worm and numerous other pests are controlled 
with sulfur. Sulfur is used in numerous ways and applied in stables 
may prevent spread of some diseases in manure. 


REGOMMENDATIONS AS TO USE OF SULFUR 
ON OREGON SOILS 


Sulfur is essential to crops, especially legume crops and those of 
the cabbage family, many of which require more sulfur than phosphorus. 

Sulfur appears to be insufficient in soil to insure good crops, es- 
pecially in the arid and semi-arid sections or the old leached, basaltic hill 
lands in the more humid sections of Oregon. 

Application of eighty to one hundred pounds of sulfur an acre every 
three or four years should give a ton or more increase in yield of legume 
hay on most of the alfalfa lands of the state. Subsequent applications 
may be lighter, especially on humid soils. Apply early and harrow in 
at the time meadows are renovated. Fall application is best under dry 
farming or where sulfur is slow acting, for this material must oxidize to 
sulfate form to become available. 

The method of applying sulfur may be the same as with land-plaster. 
Mixing damp sand with equal parts of sulfur will lessen drifting and 
render sulfur less obnoxious to broadcast by hand. 
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Ground commercial sulfur should best overcome any sulfur de- 
ficiency in soils over a period of years. 

Where sulfur is deficient in humid sections of Oregon ground com- 
mercial sulfur judiciously employed will often be cheaper treatment than 
gypsum for legumes. 
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Growth curves for apple shoots. 


Graphs showing seasonal variation in chemical composition 
of apple shoots. 

Graphs showing effects of defoliation. 

Photographs giving examples of experimental treatments. 

Graphs showing effects of ringing and defoliation. “Tops.” 


Graphs showing effects of ringing and defoliation. ‘Bases.’ 


Photographs showing stages of development of shoots at 
time of ringing. 


Graphs showing effects of ringing on growth. 


Curves illustrating general effects of ringing and defoliation 
on growth of shoots. 


A Study of Growth in Summer Shoots 
of the Apple with Special Consid- 
eration of the Role of Carbo- 
hydrates and Nitrogen 


By 


E. M. Harvey 


INTRODUCTION 


The present report of investigation deals with one phase of a general 
problem being conducted by the Horticultural department; namely, “The 
nutritional changes in fruit trees as related to behavior and cultural prac- 
tices.” A previous bulletin of this Station’ reported the results for two 
other phases of the same general problem. The point of view of the 
previous work is maintained in the present; the chief departure from the 
previous studies is in the material used. In the former, attention was 
directed to the spurs, and, specifically to spurs as regards the processes 
of fruit bud formation and setting of fruit, while in the present investi- 
gation, attention has been transferred temporarily to the terminal grow- 
ing shoot. 

The aim of the preseut study was not, primarily, the determination 
of chemical changes accompanying growth, nor the making of growth 
curves, but rather, to seek a basis for a better explanation of some of 
the wide differences in growth response to pruning and other orchard 
practices, recorded in horticultural literature. It was also hoped that 
some light might be thrown upon one or more subsidiary questions, such 
as the following: (1) At what stage of development do apple shoots 
cease to receive contributions of elaborated food materials from older 
portions of the tree? (2) When does the direction of the general flow 
of elaborated food reverse; that is to say, when does the shoot begin to 
contribute to the older portions of the tree? (3) What proportion of 
the food manufactured by the growing shoot is used for its own exten- 
sion and development during the first season? 

A chemical method was employed in the attack on the above ques- 
tions, but in order that the meaning of any Observed chemical changes 
in the shoots might be as manifest as possible, the normal processes of 
growth were frequently interfered with by means of ringing and de- 
foliation. To judge the effectiveness of ringing and defoliation as experi- 
mentai methods for disturbing the normal activities of the shoot, or for 
partial isolation of the shoot from the rest of the tree, one needs to know 
more about the actual processes occurring within the shoot than the 
available information seems to permit. Only lately there ceased to be 
a general concensus of opinion on so apparently simple a matter as the 
path of translocation in the shoot. But for an attack on the growth 
problem in hand, there was great need for a suitable experimental means, 
and lacking much conclusive information, it appeared desirable to assume, 
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as a working basis only, the truth of Curtis’ ** important conclusion re- 
garding the path of translocation, which is this: that elaborated food 
materials travel both “down” and “up,” exclusively in the phloem. This 
assumption suggests that as means for physiologically isolating for study 
separate organs of the tree there may be greater possibilities for ringing 
and defoliation than were formerly considered. Such studies, if they be 
possible, should hold several experimental advantages over those made 
“on the tree as a whole. Certain advantages might be expected to accrue 
from the following facts; namely, (1) that organs of a fruit tree show 
considerable “individuality” in their response to natural or experimental 
conditions which may be imposed on the tree as a whole; (2) that differ- 
ent organs of the tree have different functions, and may perform them 
at different times, hence the opportunity is suggested for study of the 
relation of internal conditions to specific function in the organ; and 
(3) that the employment of the individual organ allows all experimental 
treatments and controls to be equally represented on every tree, thereby 
practically off-setting individual tree differences which are ever present 
and, too often, the dominating obstacle of the field-plot method. 
Supplemental to the preceding paragraphs, it may be stated briefly, 
that the studies reported in this bulletin are on the growth responses of 
apple shoots as affected by various forms of ringing and defoliation, 
observable through measurements and chemical analysis. The field and 
laboratory work was carried on during the period 1920-23 inclusively. 


GENERAL METHODS 
A. GENERAL PLAN OF FIELD WORK 


The trees furnishing the material for these shoot studies were seven 
to nine years old and selected always with the view of securing uni- 
formity of size and vigor. The field-plot method was not used, but ra- 
ther the attempt was made to off-set individual tree differences through 
the adoption of an unchanging policy of maintaining on each tree an 
equal distribution of shoots as regards numbers, treatments, and posi- 
tion. This is, however, the same method employed in the apple spur 
studies reported in Station Bulletin 176. 

The varieties involved in these experiments were chiefly Grimes and 
Spitzenburgs, with occasional use of Arkansas Black, Rome, and Gano. 

The details of arrangement of experiments, the varieties and number 
of shoots involved, and the special treatments employed will be described 
in connection with the report of results of each series of experiments. 


B. METHOD OF RINGING AND DEFOLIATION 


The ringing operation was usually done at a point on the shoot 6 
to 8 centimeters “above” the juncture of the new growth with that of 
the preceding season. A basal portion was thus left on each shoot below 
the ring, and in the presentation of results a distinction frequently will 
be drawn between this basal portion and that above the ring (see Fig. 
11). The ringing itself consisted of the removal of a complete ring of 
bark which was about 5 to 8 millimeters in width, entirely through the 
bark tissue. These were made with caution in order not to injure the 
xylem, and the wound surface was treated immediately with rather thick 
liquid grafting wax to prevent drying out. In one group of ringing 
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experiments, Series E, the rings were made just below the new growth 
in that of the preceding season (see Fig. 25). 

The defoliation treatments were usually similar to the ringing, in 
that the regions of the shoot involved were the same, that is to say, the 
leaves were removed from a point 6 to 8 centimeters above the base of 
the shoot, leaving a basal portion not directly disturbed. Where other 
types of defoliation were employed, they will be described when the 
responses from them are reported. 

Where ringing and defoliation are combined the ring was always 
placed 6 to 8 centimeters above the base of the shoot, and all leaves 
removed above it. 


C. DETERMINATION OF GROWTH 


The term “growth” as used throughout this report refers to increase 
in length only. This increase was determined by the simple process of 
measuring, to the nearest half centimeter, at stated intervals, the length 
of the shoot from base to tip. The intervals between measurements 
varied through the experiments from one to nearly five weeks. 


De COLUE GRIONSAN DERRES ERY ADTON © Ee ViAG BR TATE 


Shoots collected for chemical analysis were always taken from the 
trees early in the morning (5:30 to 7:30 a.m.) in order to have as uniform 
a chemical base line in the tissue, throughout the season, as possible. 
After cutting, the shoots were placed immediately into large botanical 
collection cans, and before 8 a.m. were brought to the laboratory. 
Requisite division was made of these lots, whether into leaf and stem or 
“top” stem and “basal” stem samples, as quickly as possible, so that the 
fresh weight determination of each sample could be made. No more 
collecting was done any morning than could be carried through the first 
critical stage (i.e. to placement in the oven) within three hours after 
the arrival of the shoots in the laboratory. The procedure through 
which the shoots were taken during this early stage was as follows: 
After division of the lots into the various samples, they were placed in 
large evaporating dishes and the fresh weights determined. Then they 
were chopped to small pieces and lightly covered with 94 percent re- 
distilled alcohol and transferred to the vacuum desiccator for about 
four hours at 75° to 80° C. The temperature of the oven was increased 
after this period to 95° C. and held so until the samples were completely 


dry. 
E. METHODS OF CHEMICAL ANALYSIS 


The general procedures in the chemical analysis reported in this 
work were essentially the same as those employed in the spur studies 
of Bulletin 176 of this Station, and as described on pages 18 to 20 of 
that work. It was necessary, however, to make a few changes in those 
methods as detailed below. 

1. Extraction. All samples, except the leaf samples of Series B, 
were separated into hot-alcohol soluble and insoluble fractions as de- 
scribed in Bulletin 176, the preparation for extraction, etc., being the 
same, except for the slight modification previous to grinding. The tissue 
here was ready for immediate grinding on account of its not having been 
preserved in alcohol as formerly. 
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2. Dry weights. Dry weight of the entire sample was determined 
on removing the tissue from the oven. The dry weight of the insoluble 
fraction was determined after extraction. With this and the total dry 
weight value, the dry weight of the soluble fraction was also obtained. 


3. Nitrogen. Total nitrogen determinations were made separately 
on the two fractions by the Kjeldahl method as modified by Gunning- 
Arnold. No separation of soluble and insoluble nitrogen was made for 
the leaf samples of Series B for the reason mentioned in (1) above. 


4. Carbohydrates. (a) Reducing and total sugars. These were de- 
termined by the official method used in the previous spur studies, except 
that this official procedure was departed from with respect to the con- 
ditions surrounding the copper reduction by the sugar solutions. In- 
stead of the regular four-minute heating, plus two-minute boiling periods, 
a modification of these conditions to a half-hour period at 80° C. was 
adopted for all sugar determinations in this report. This modification 
is the one suggested by Quisumbing and Thomas® whose procedure was 
followed in most details. Calculations of sugar equivalent to the copper 
reduced were made by means of the formulas published by these authors, 
and the entire method checked against standard sugar samples from 
the United States Bureau of Standards. And as a thing of great working 
convenience, it should be mentioned that a reference table was prepared, 
to show the amounts of invert sugar and glucose equivalent to copper 
values from 10 to 180 milligrams, proceeding by two-milligram intervals. 

The modification above was adopted in consideration of what were 
judged to be real points of superiority over the official reducing pro- 
cedure, as follows: (1) uniformity of conditions; (2) much more ease 
of manipulation; and (3) a 60 percent increase in speed.* 


(b) Phloridzin. The method employed in the determination of Phlorid- 
zin was that suggested by Harvey.® A 50 c.c. portion of the soluble 
fraction, comparable with the portion used for reducing and total sugars, 
was transferred to a 200 c.c. Florence flask. To this were added 26 c.c. 
of water and 4 c.c. of concentrated hydrochloric acid (sp. gr. 1.18). The 
flask was then connected with,an air condenser and placed upon a large 
Hoskin’s hot-plate and the temperature adjusted so that the solution 
would simmer with an occasional ebullition, for 2} hours. The solution 
was then cooled, transferred to a 100 c.c. volumetric flask, neutralized, 
and made up to volume. The reduction and titration procedures were 
the same as for the sugars. The method for calculating phloridzin is 
as follows: From the total potassium permanganate (n/20 solution) 
titration obtained above, subtract the value of the titration of total 
sugars; the difference, in cubic centimeters of permanganate solution, 
translated to its copper, and then to its glucose equivalent, is assumed to 
come from phloridzin (cf. Harvey’). Conversion of this glucose value 
to amhydrous phloridzin is made through multiplying by the factor 2.42. 


(c) Pentosans. Pentosans were determined by one of the two following 
methods: 


: * Reductions were carried out in 400 c.c. beakers, covered and immersed in an 
eight-hole steam-heated water bath, provided with a strong stirring device. Temperature 
was constant at 80° C. within a range of one degree. With this equipment, sixteen 
reductions per hour were made with considerably more ease and uniformity than the 
maximum ten per hour by the official procedure. 
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. (1) Phloroglucin method. The procedure recommended by the 
Association of Official Agricultural Chemists was followed in detail. 


Pentosan figures reported for the stem samples of Series B were 
obtained by this method: 


(2) Modified Spoehr® method. The solution obtained by the reg- 
ular 23-hour acid hydrolysis (in the regular determination of total poly- 
saccharides) was submitted to a fermentation by baker’s yeast. The 
non-fermentable pentose sugars were determined as glucose and the 
values translated to pentosans by use of the factor 0.85. 


The leaf samples of Series B were analyzed by this method. 


(d) Starch. The taka-diastase method was employed, practically as 
recommended by Davis and Daish.* A serious objection to this method 
would seem to arise from the fact that the commercial taka-diastase 
powders carry an extremely large amount of reducing substances which 
give an inconveniently and dangerously large blank determination. 


(e) Totai polysaccharides.* These were determined by the same meth- 
od and procedure as described in Bulletin 176. 


RESULTS AND DISCUSSION 
1. PRELIMINARY EXPERIMENTS 


The first attack on the growth problem in hand was made in the 
summer of 1920. The experiment was a rather small one and of a pre- 
liminary nature. The methods of ringing and defoliation were tried with 
the intention of estimating the general effectiveness of these practices 
as aids in the study of shoot growth. The plan was to ring and defoliate 
shoots in various ways, and from observation of the growth responses 
to judge the merits of these methods for a later chemical study. The 
growth responses obtained agreed in general with those reported by 

*It may be of interest to have presented below the average figures which were 
obtained from a large composite sample of apple shoots (stems only). The data show 
the inter-relation of the substances considered in this bulletin better than a summary 
of analyses of individual experimental samples. More attention is given here, however, 


to the various constituents of the hot-alcohol insoluble fraction than in the experimental 
work reported later. In outline this composite sample gave the following results: 


135.0 grams fresh tissue (on drying became) 


56.5 grams (hence water = 58.2%) 


= 


Soluble matter = 22.2% Insoluble matter = 77.8% 
(on partial analysis gave) (on partial analysis gave) 
0.92% 1.20% 3.26% 0.093% 2.6% 4.2% 11.7% 19.0% 20.4% 0.481% 
a a One ¢ 
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Curtis,’ but the reaction of these first-hand findings on the writer was 
sufficiently strong that they formed the background, and became the 
guide for all the later experimental studies. A brief account of the ar- 
rangement of the preliminary experiment and results will be given 
below. 

The varieties used were: Gano, Spitzenburg, and Rome. The trees 
‘set aside for the work were very heavily headed back in the preceding 
March in order to produce abundant and vigorous shoots. The ringing 
and defoliation were performed on June 20, at a time when the growth 
of the shoots was still rapid. The shoots were tagged and their lengths 
carefully determined, and divided into four lots for the following treat- 
ments: (1) checks, entirely untreated; (2) ringed only (ring 6 to 8 cm. 
above base); (3) defoliated only (all leaves removed above point 6 to 8 
cm. from base); and (4) ringed and defoliated (treatments (2) and (3) 
combined). There were three trees of each variety and each treatment 
was represented by seven shoots on every tree. These shoots were not 
disturbed again until July 21, when their length was redetermined. The 
growth responses to each treatment are summarized in Table I. An 


TABLE I. EFFECTS OF RINGING AND DEFOLIATION ON 
GROWTH OF SHOOTS 


Preliminary Experiments 


> 
r5) Increase in 
% Length Length length after Percentage 
S Treatment June 20 July 21 treatment of increase 
cm. cm. cm. % 
o| Checks 41.5 61.0 19.5 45.7 
&| Ringed 42.0 63.2 21.2 50.5 
| Defoliated 38.0 52.0 14.0 36.7 
Ringed plus defoliated 42.0 44.0 2.0 4.8 
rot Checks 42.3 Tes 29.2 69.0 
N 8) Ringed 44.2 78.3 34.1 Wee 
= 35| Defoliated 41.5 60.8 19.3 46.5 
H=| Ringed plus defoliated 52.3 ee 2.9 5.5 
v| Check 43.1 60.3 NyiG 39.9 
&| Ringed 50.2 60.8 10.6 21.1 
°, Defoliated 44.4 59.2 14.8 33.3 
™) Ringed plus defoliated 46.4 48.5 Pl 4.5 


shoots, which were ringed only, gave greatest growth of all treatments, 
but the defoliated Rome shoots, although they did not grow more than 
checks, grew relatively more than the ringed shoots of the preceding 
varieties. In other words, in the Rome shoots the situation as regards 
the relative growth after ringing and defoliation is the reverse of that 
in the Gano and Spitzenburg. Ringing plus defoliation practically 
stopped growth immediately in all three varieties. 


The facts that ringing accelerated growth in Gano and Spitzenburg 
and retarded it in Rome shoots, together with the correspondingly op- 
posite effects of defoliation, were found difficult to bring into harmony 
with Curtis” explanation for apparently similar growth responses 
to the same treatments. He explained the retardation of growth by 
ringing, on the basis that the removal of a ring of phloem cut off the 
supply of elaborated food from “below,” so creating a food deficit, and 
hence a slowing down of growth activities. Retardation from defoliation 
was explained also on the grounds of a food deficiency. But this in- 
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vestigator noted that ringing sometimes accelerates growth, a fact which 
he explains by assuming that while the leaves were previously manufac- 
turing enough food for good growth, the optimum amount could not be 
accumulated on account of the normal downward flow through the 
phloem. Ringing then, by checking this flow away from the shoot, 
increased the food content, and accelerated growth. This explanation 
for the reversed effects of ringing, while being generally very acceptable 
to the writer, and apparently applicable to the results recorded for Gano 
and Spitzenburg, did not seem to apply with equal ease to the response 
of the Rome shoots in which ringing retarded growth. Growth had 
slowed considerably in the Rome shoots by the time the experiment 
was begun. This situation was indicated both by the recorded data and 
the general field appearance of the shoots. If it be granted that growth 
had slowed more in this variety than in either of the others, the checking 
of growth by ringing cannot well be attributed to the lack of food. Cer- 
tainly not to lack of carbohydrate material, since ringing at that stage of 
shoot development should increase the carbohydrate content. The wide 
differences of growth response which may be expected to follow ringing 
or defoliation lead one to conclude that either of these methods will 
cause a shoot to grow faster or slower according to its stage of develop- 
ment when the operation is performed. In consideration of this possi- 
bility, the writer endeavored to make a tentative analysis of the general 
processes in the shoot as regards the manufacture and movement of food 
materials in relation to its growth and stage development. The first 
working assumptions induced were based on two other assumptions: the 
first, that elaborated food materials of the shoot move principally 
through the phloem (Curtis*”); and the second, the carbohydrate-nitro- 
gen theory of Kraus and Kraybill.° The assumptions based on the above 
became the guide to much of the experimentation to be reported later 
in this paper, and they are as follows: (a) If the carbohydrate supply of 
the shoot is somewhat limited, ringing will retard growth very slightly, or may 
in fact accelerate it, but defoliation will greatly retard growth. (b) If carbo- 
hydrates are abundant in the shoot, and the nitrogen supply somewhat limited, 
ringing will retard growth, but defoliation will retard it very slightly, or may 
greatly accelerate it. 

It must be pointed out immediately that the above assumptions were 
intended to apply only to shoots which have reached a later stage of 
development, when, if there is any general movement of carbohydrates, 
it is “downward” or out of the shoot. Early stages of development 
would require considerable modification of the above assumptions, as 
will be detailed farther on. But were a tentative application made of 
the above to the shoot performances recorded in Table I, it would be 
necessary to place the shoots of Gano and Spitzenburg in group (a) and 
Rome in group (b). Unfortunately, however, there were no chemical 
analyses for this experiment, so that the internal conditions of the 
shoots could not be checked. 

BR SIRIUS C 


Series C is a study of growth in the normal untreated apple shoot. 
The data accumulated from it have a bearing on the relation of the 
distribution of the large groups of chemical constituents, in different 
regions of the shoot, to its seasonal growth curve. Since this study deals 
only with the untreated shoot, it seems desirable to present the results 
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before considering the more strictly experimental series which deal with 
the behavior of shoots after ringing and defoliation operations. 


With reference to the distribution of certain substances in the normal 
growing shoot, a number of questions arise apropos of the general prob- 
lem in hand, as for example: (1) What chemical differences are to be 
noted between the region of the growing point and the base of the 
shoot? (2) Are those substances, commonly associated with good grow- 
ing conditions (e.g., water, soluble solids, and nitrogen, etc.) more 
abundant in the tip region and do they diminish there less rapidly 
through the season, than in the base? In other words, is the complex 
of conditions favoring growth more constant at the tip through the 
growing season than is indicated by the usual seasonal curves obtained 
from analyses of the entire summer shoot? (3) If at the tip of the shoot, 
this complex of conditions favoring growth, including a relatively low 
carbohydrate-nitrogen ratio, does remain constant through the growth 
season, or at least much less changeable than in other regions of the 
shoot, would it not indicate a closer correlation between growth in 
length and a definite internal condition than previous seasonal analyses 
of summer shoots have shown? 

With these questions in mind, fifteen trees each of the varieties, 
Grimes and Arkansas Black were selected to furnish material for a 
study of normal shoot growths. Fifty shoots were selected and tagged 
on each of the above thirty trees. All these shoots were measured first 
on June 2, at which time they averaged 4.0 cm. and 10 cm. for the 
Arkansas Black and Grimes respectively. In both varieties, terminal 
growth had begun one or probably two weeks previous to this measure- 
ment; unfortunately, therefore, the shape of the grown curve in its 
earliest portion cannot be determined from the data obtained. The 
shoots remaining on the tree-after procuring each chemical sample were 
remeasured June 9 and 23, July 4, August 2, and September 11. On each 
of the measurement dates, as indicated, shoots were taken for chemical 
study. The sizes of the chemical samples at each collection date were 
as follows: for the first three collections they consisted of ten shoots; 
for the fourth collection, eight shoots; and for the fifth and sixth collec- 
tions, six shoots from each tree. Thus the total number of shoots col- 
lected from each variety on each date ranged from 150 to 90 through the 
season. 

These collected shoots were immediately stripped of leaves and 
divided into three portions: (1) the “tips,” which consisted of the upper 
3 to 4 cm.; (2) the “base,” the lower 6 to 8 cm.; and (3) the “middle,” 
which was that portion of the shoot remaining after the “tip” and “base” 
samples had been taken, consequently the individual pieces making up 
the sample varied greatly in length. The first collection alone deviated 
from the above in method of division of samples, seeing that the shoots 
were so small that there was no material left for “middle” sample; and 
in the Arkansas Black, even the ‘‘base”’ samples were rather small and 
made scarcely a representative collection. 


Growth. The growth curves for the summer shoots, derived from 
the data obtained, agree closely with the growth curves for the shoots 
of other woody plants, including the apple, published by previous work- 
ers. The present curves are shown in Fig. 1. The fact that the shoots 
had been growing for about two weeks before the first measurements 
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were made probably accounts for the failure to show the slow initial 
rate of growth that is so striking a characteristic of the seasonal growth 
curves published by Reed’ and Ludwig.’ It was the original intention 
to observe this early stage of the growth in the present work, but the 
shoots passed through this critical stage too quickly to be observed that 
season. There is evidence from the data, however, that the Arkansas 
Black shoots had not reached the maximum growth rate until the second 
observation interval. 


40 r= 
GRIMES 


—— — ARKANSAS | BLACK 
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Fig. 1. Growth curves of apple shoots. Series C. 


Chemical. A summary of the chemical analyses of the normal grow- 
ing shoots is presented in Tables II and III. The Grimes and Arkansas 
Black shoots behave much alike, in so far as the chemical data show. A 
glance at the tables reveals the fact that there is considerable difference 
in chemical composition between the “tip,” “middle,” and “basal” regions 
of the shoot on any given date. It is equally easy to see that the compo- 
sition of each of these regions of the shoot varies greatly throughout the 
season. Most changes of chemical composition, either along the shoot 
or throughout the season appear to be generally consistent and uniform. 
As regards the composition of different parts of the shoot in relation to 
the season, two generalizations may be made: (1) Those substances 
which normally decrease through the season are always most abundant 
in the “tip” portion of the shoot and least abundant in the base. (2) 
Conversely, those substances which tend to increase during the season 
are least abundant in the “tip” and most abundant in the “basal” portion. 
Substances belonging to the former group were: water, soluble solids, 
phloridzin, and soluble and insoluble nitrogen. Belonging to the second 
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group were: insoluble solids, sugars, polysaccharides, and total carbo- 
hydrate, and the carbohydrate-nitrogen ratio. The relative behavior of 
these may be observed in Figs. 2 to 7, which give seasonal graphs of 
the principal substances mentioned above. 
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Fig. 2. Seasonal variation of water in apple shoots. Series C. 
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Fig. 3. Seasonal variation of soluble solids in apple shoots. Series C. 
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It was asked at the beginning of this section whether those sub- 
stances which are most commonly associated with growth (namely, 
water, soluble solids, and nitrogen) are most abundant in the tip 
and diminish less rapidly there than in the base? In answer to 
this question it may be observed from the tables and figures pre- 
sented, that the substances named above are more abundant and 
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Fig. 4. Seasonal variation of total nitrogen in apple shoots. Series C. 
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Fig. 5. Seasonal variation of phloridzin in apple shoots. Series C. 
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Fig. 6. Seasonal variation of total carbohydrates in apple shoots. Series C. 
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Fig. 7. Seasonal variation of carbohydrate-nitrogen ratios in apple shoots. Series C. 
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decrease less rapidly in the tip of the shoot. This indicates then, 
not only that the characteristic conditions favoring growth are bet- 
ter in the tip, but that such conditions are more constant there 
through the growing season than in any other general region of the 
shoot. Had analyses been made of the entire shoot instead of separate 
regions of it, the graphs plotted from the results would have indicated 
much more rapid falling away of growing conditions than is shown by 
the analysis of the tip alone, or is indicated by the observed growth 
rate. And it is not unreasonable to suppose that could chemical analyses 
be made of the ultimate growing point itself, the seasonal graphs for 
some of the substances named might follow much more closely the 
growth-rate curve than these of the “tip” samples show. 

The chemical data presented here do, not cover the period of slow 
growth rate at the beginning of the season. It is very possible, however, 
that chemical data for such period might indicate even better growth 
conditions then than two or three weeks later, when the growth rate 
is at its highest point. The reason for this supposition is, that the 
initial direction of the curves for the various substances in the present 
study do not indicate that they had been lower a week or two before, 
when undoubtedly a slower growth rate prevailed. It is more than likely 
that temperature and not chemical composition is commonly the limiting 
factor to growth very early in the season (cf. Ludwig’). 


&, SIRES AN 


Series A is a study of growth response of rather short shoots, to 
complete defoliation only. The external observations of growth were 
supplemented with chemical analyses. 

The shoots studied were 10 to 20 cm. in length at the time the 
experiment was begun. Two varieties were used, Grimes and Spitzen- 
burg. It was the original intention in this series to secure shoots at an 
early stage of development, but the attempt was not very successful, 
‘particularly in the Grimes, which made a very poor growth but made it 
very early in the season. Defoliation was done on June 6, and the 
shoots were under observation until July 19, during which time were 
made three measurements of length and three collections of material 
for chemical examination. The measurement and collection dates were 
June 6, June 24, and July 19. The shoots were furnished by 12 trees of 
each variety, the check and defoliated shoots being equally distributed 
throughout these trees, both as regards number and position. Four 
check shoots were taken from each of the twelve trees for the first chem- 
ical sample, and the same number of check and defoliated shoots on 
the two following collections, so that each tree furnished a total of 


20 shoots. 


Growth. The growth data for Series A are given in Table 1V. Not- 
ing the behavior of the Grimes checks, it is evident that this variety 
had practically ceased growth as early as the middle of June. Here 
there is a distinct acceleration of growth due to defoliation, an effect 
which does not at first sight seem in accordance with the original 
size of these shoots and the relatively early date of treatment. 
But that the actual condition in these shoots represented a late stage 
of development, where defoliation could be expected to accelerate 
crowth, is evident by the slight growth made by check shoots after the 
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TABLE IV. EFFECTS OF DEFOLIATION ON GROWTH OF SHOOTS 


Series A. 
> Total 
3 increase Percentage 
a Length Length Length after eon 
> Treatment June 6 June 23 July 19 treatment increase 
© cm. cm. cm. cm. %' 
I Checks il Ss 14.3 15.1 2.0 15.2 
ie Defoliated 13.8 15.4 18.3 3.8 PEAS) 
' bo| a gee 
3 ts! Checks 18.6 23.1 36.0 18.4 99.4 
Fe| Defoliated 20.3 232 27.6 78S 35.9 
vo 


beginning of the experiment. The Spitzenburg shoots were caught at a 
relatively much earlier stage of development, since the checks increased 
practically 100 percent in length after the treatment date. Defoliation 
greatly retarded the growth of Spitzenburg shoots, an effect opposite to 
that noted in the Grimes. The present explanation for these opposite 
effects of defoliation is as follows: Defoliation accelerated growth in 
the Grimes shoots because they were nearing the close of their growth 
period, a time when carbohydrates had accumulated to an extent, which, 
when considered in relation to the available nitrogen and water, was 
unfavorable to growth. Defoliation in such a case, by removing the 
carbohydrate-making machinery, would tend to readjust this relation of 
carbohydrates to nitrogen in a manner favorable to growth. But de- 
foliation retarded growth of the Spitzenburg shoots probably because 
the treatment was carried out at a time when they were growing rapidly, 
and when the available carbohydrates were being effectively utilized for 
growth. Defoliation in this case would lower the supply of carbo- 
hydrates; and any lowering of carbohydrates at this stage of develop- 
ment might be expected to result disadvantageously to growth. The 
chemical evidence for this assumption will be presented below. 


Chemical. Results of chemical analysis are given in Table V and 
some of the graphs derived from them appear as Figs. 8-10. It was 
hoped that these data would throw some light upon at least the 
two following general questions: (1) What is the effect of defoliation 
on chemical composition of apple shoots? (2) Between the shoots of 
Grimes and Spitzenburg, are there chemical differences which could be 
considered significant in explaining the strikingly different effect of de- 
foliation? 

As to the general effect of defoliation on the chemical composition, 
it will be noticed that those substances which tend to increase with the 
advance of the growing period, such as insoluble solids, starch, hydrolyz- 
able polysaccharides, and total carbohydrates, increase less rapidly in 
the defoliated shoots than in the checks. Conversely, substances such as 
water, soluble solids, soluble and insoluble nitrogen, and phloridzin, etc., 
which tend to decrease during the growing season, decrease less rapidly 
in defoliated shoots than in the checks. The defoliated shoots thus al- 
ways have a smaller percentage of the former group and a larger per- 
centage of the latter group than do the checks. This chemical situation 
between the defoliated and the check shoots reminds one of the differ- 
ences between the “tip” and the basal regions remarked in the report on 
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normal shoots under series C. Evidently the operation of defoliation 
tends, in a general way, to change the conditions characteristic of an old 
shoot back to those of a younger one. 
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Fig. 8. Effects of defoliation on soluble nitrogen content of apple shoots. Series A. 
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Fig. 9. Effects of defoliation on total carbohydrate content of apple shoots. Series A. 
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An examination of the chemical findings will now be made with the 
view of explaining the varietal difference noted in growth response to 
defoliation. The difficulty of explanation is soon found to lie in the facts 
that, while defoliation accelerated growth in the Grimes shoots and 
retarded it in the Spitzenburg, the chemical data for both varieties look 
very much alike. Take for example the fact that defoliation increased 
water and nitrogen and decreased carbohydrates in both varieties. It 
might be supposed then that if growth was increased in one instance it 
would be in the other also. As a suggestion, however, it may be re- 
marked that Table V and Figs. 8 and 9 show, on any given date, the 
Grimes to contain higher percentages of carbohydrates and lower per- 
centages of nitrogen than the Spitzenburg. For this reason the ratios 
of carbohydrates to nitrogen were larger in the Grimes throughout the 
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Fig. 10. Showing carbohydrate-nitrogen ratios (columns) and the relative growth in 
each lot of shoots (curve). 

season. This is shown especially in Fig. 10, where the relative values of 
the carbohydrate-nitrogen ratios are indicated both by the length of the 
columns and the spaces between them. It will be noticed that the 
largest value of the ratio is held by the Grimes check shoots and the 
smallest by the defoliated Spitzenburg shoots. In order that the above 
suggestion may be of significance in the present difficulty, it is necessary 
to assume that the carbohydrate-nitrogen ratio shown for Grimes checks 
is too large for good growth, and the ratio for the defoliated Spitzenburg 
shoots, too small for best growth. In the former, nitrogen must be con- 
sidered limiting and in the latter, carbohydrates. The optimum value 
of the ratio for growth would, by the same argument, have to be placed 
near that of the Spitzenburg check shoots. This is shown by the curve 
representing the relative growth in the different lots, superimposed on 
the carbohydrate ratio columns in Fig. 10. 

The limits between which any carbohydrate-nitrogen ratio can vary 
in apple tissue and still permit growth, would seem exceedingly narrow. 
Evidence from previous work* and other experiments to be reported 


* Station Bulletin 176. 
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here tend strongly to bear out this conclusion, but it should be kept 
constantly in mind that many factors must enter into the determination 
of the given response of any shoot to defoliation or ringing. Such chem- 
ical differences as noted above are, at best, merely suggestive of a final 
rational explanation of the observed behavior to experimental treat- 
ments. 


AN SIEIRIDESS) 18: 


Series B was a study similar to series A, but larger and somewhat 
older shoots were used-and the experimental treatments included both 
ringing and defoliation. It is considered to be the major experimental 
work of this bulletin. Besides the addition of ringing and ringing plus 
defoliation, a more detailed study of the shoots was attempted through a 
division of the individual shoots into two regions, the “tops” and the 
“bases.” The latter were taken as the lower 6 to 9 centimeters of the 
shoots, that is to say, below the usual point of ringing or defoliation as 
previously mentioned (see Fig. 11). The “top” region was that part of 
the shoot above the point of ringing. These two regions were kept dis- 
tinct in all chemical analyses. The leaves also were analyzed but handled . 
separately from the wood samples. There was a complete set of leaf 
samples for the “basal” region of the shoot, since no direct treatment was 
ever given the ‘“‘bases,” but of course, the leaf samples of the “top” could 
include only the check and “ringed only” lots. 


The experimental treatments and arrangement of material were, 
briefly, as follows: The varieties used were Grimes and Spitzenburg, as 
in Series A. There were four experimental lots of shoots: (1) checks, 
(2) ringed only, (3) defoliated only, and (4) ringed plus defoliated (see 
Fig. 11). The defoliation and ringing, and the first growth measurements 
and collection of chemical samples, were carried out June 17-20; and the 
second and third measurements and collections July 17-18 and August 
26, respectively. The shoots were furnished by twelve trees of each 
variety, employing a total of thirty-six shoots per tree. Of these shoots 
twelve were used as checks and eight each for “ringed only,” “defoliated 
only,” and “ringed plus defoliated.’ Thus there was a total of about 
450 shoots under observation for each variety. 


Growth. At the time the experiment was started, it was plain that 
the Grimes shoots were growing much less rapidly than the Spitzenburg. 
It is a rather common observation that while the Grimes is likely to 
make a relatively shorter terminal growth, this growth activity is brought 
to a close earlier in the summer than in most of the other varieties; cer- 
tainly this is evident from a comparison of Grimes with Spitzenburg. 
It was, in fact, on account of the contrasting growth habit of the Grimes 
and Spitzenburg that they were chosen for the study, for it was hoped 
that with these varieties it would be possible to examine cases represent- 
ing the two situations assumed in paragraphs (a) and (b), page 11. 

The record of growth for check and treated shoots from june 17 to 
August 26 is given in Table VI. It may be noted from the record of the 
check shoots, that the Spitzenburg grew about five times more rapidly 
than the Grimes. It is evident, too, that the Grimes shoots had com- 


pleted a considerably larger proportion of their annual growth at the 
time the experiment was begun. 


Fig. 11. Photographs of typical shoots of Series B, five weeks after treatment. Above, 
Grimes; below, Spitzenburg: (a) checks; (b) ringed only; (c) defoliated only; and 
(d) ringed plus defoliated. Arrows indicate point of separation 
between “‘base”’ and “‘top’’ samples. 
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As regards the relative growth of the treated shoots, the records 
show that in the Grimes the “ringed only” grew less and the “defoliated” 
grew more than the checks, while in the Spitzenburg the situation was 
reversed; that is, the “ringed only” grew more and the “defoliated only” 
grew less than the checks. The relative effect of defoliation in the two 
cases above agree with the growth findings of the experiments of Series 
A, and relative effects of both ringing and defoliation are practically in 
complete accordance with results reported for the preliminary experi- 
ments on ringing and defoliation. Nor do the results appear to be out 


TABLE VI. EFFECTS OF RINGING AND DEFOLIATION ON 
GROWTH OF SHOOTS 


Series B. 
> Total 
Oo increase Percentage 
= Length Length Length after Siok 
S| Treatment June 17 July 17 Aug. 26 treatment increase 
a j cm. cm. cm. cm. % 
v| Checks 29.3 Bula 30.8 4.9 8.8 
= Ringed 29.6 31.2 32.2 2.6 13.6 
6  Defoliated 28.0 30.7 Sou Den 20.4 
| Ringed plus defoliated 29.4 30.1 30.6 i? 4.1 
ge Checks 36.8 50.9 58.6 21.8 59.2 
335| Ringed 38.4 56.0 63.0 24.6 64.0 
& |  Defoliated 39.3 52.6 54.5 15.2 38.6 
| Ringed plus defoliated 38.0 38.9 39.2 af2 3.1 


of harmony with the tentative explanation offered on page 11. The evi- 
dence, favorable or unfavorable to this explanation will have to come 
from the results of chemical analysis. But to refer again to the growth 
responses to the different treatments, it is remarkable how quickly and 
completely ringing plus defoliation stops the growth of the shoots. This 
sudden stoppage of growth seems to be a universal response to the com- 
bination of ringing plus defoliation. It has been so at least in all experi- 
ments of the writer and all those reported by Curtis.* An explanation of 
this response based on the chemical study will be offered later. 

Before leaving the question of growth responses, the behavior of the 
bases of the experimental shoots should be considered. The superficial 
responses of the bases to the treatment given the tops were, for each 
treatment, as follows: 


1. Checks—showed no sign whatsoever of swelling of buds in the 
axils of the basal leaves. 


2. Ringed only—one to three of axillary buds per shoot swelled and 
frequently one or more broke, sometimes producing shootlets 1 to 3 cm. 
long, : 
3. Defoliated only—mostly no indication of buds swelling in the 
basal axils, but in a few instances these buds had enlarged noticeably. 


4. Ringed plus defoliated—nearly all the shoots renewed growth 
activity in the basal portions, similar to the ringed only, but this growth 
renewal was more in quantity, as many of these new shoots became 4 to 
7 cm. long (see Fig, 11). 

Reference will be made again to the above regenerative activities 


where the results of the chemical analyses of the basal portions of the 
shoots are discussed. 
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Chemical analyses. The chemical data of Series B will be presented 
under the two distinct headings, “tops” and “bases.” These two groups 
will be further subdivided into “stems” and “leaves.” The analyses of 
the stems of both portions, however, are considerably more complete, 
and practically all the emphasis is placed. upon them. 


“Tops.” Stem samples. The analyses of the stems of top portions of 
the shoots are given in Tables VII and VIII and certain graphs derived 
from them in Figs. 12-18. : 

An examination of the above tables and illustrations will disclose 
several interesting chemical relationships among the shoots receiving 
different treatments. One of the most easily observed situations is with 
regard to the behavior, in the treated shoots, of the two large groups 
of substances, which were classified on basis of their normal tendency, 
either to increase or decrease during the growing season. Observing the 
analytical data for the check shoots of both varieties, it will be found 
that nearly all substances estimated fall readily into one of the two 
groups as follows: 


(1) Those substances which tend to diminish through the season 
are water, soluble solids, reducing sugars, total sugars (?), phloridzin, 
and nitrogen. 


(2) Those substances which tend to increase through the season are 
insoluble solids, sucrose, starch, pentosans, total hydrolyzable polysac- 
charides, and total carbohydrates. 

If these groups of substances are examined as to their behavior in 
the shoots which were ringed only, and defoliated only, it will be found 
that those of group 1 are less abundant in the ringed and more abundant 
in the defoliated shoots than in the checks. On the other hand those of 
group 2 are more abundant in the ringed and less abundant in the de- 
foliated as compared with the checks. 

In general, the substances which tend to decrease during the season 
in the checks are apparently essential to active growth. In this connec- 
tion it will be noticed that the glucoside phloridzin, as regards its fluctu- 
ations in amount, behaves much like nitrogen. Phloridzin is not usually 
considered a vital substance in the metabolism of plants, yet its behavior 
here justifies some attention. The fact that phloridzin is present in 
relatively large quantities in the growing shoots, especially near the 
growing point (see Fig. 5) and that it decreases during the growing 
season almost parallel with nitrogen and the growth rate, would indicate 
that, even though it may not have a direct role in such metabolic centers, 
it probably has an important indirect one, if nothing more than as a 
temporary repository of some harmful by-product of active metabolism. 
Attention is called also to the interesting behavior of phloridzin in the 
shoots receiving both ringing and defoliation. Here, like water and 
nitrogen, the percentage of phloridzin increases considerably through the 
season (see Fig. 15). 

In examination of the chemical findings in this experiment, it should 
be remembered that these data appertain only to shoots from the 
middle of their growing period to the close of it. Thus there is excluded 
entirely the early stage of growth when most of the elaborated food is 
coming from the last year or older portions of the branch. To bring the 
present chemical findings into line with the observed growth responses, 
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TABLE IX. CHEMICAL CHANGES PRODUCED BY RINGING 
AND DEFOLIATION 
Analysis of Upper Leaves. Series B. 


—--—-——-——Grimes ————-S pitzenburg——__— 
Total Total Total Total 

Treatment Pento- nitro- carbo- Pento- nitro- carbo- < 
and date Water sans gen hydrates C/N Water sans gen hydrates O 
June 23 

Checks 63.0 7.4 LOG) 22.7 14.4 69.1 8.2 1.84 19.8 10.8 
July 13 

Checks 60.9 Tae 1.54 PERG 14.4 67.9 8.0 1.76 20.0 11.4 

Ringed 

only 54.1 7.0 1.46 32.9 22.6 62.5 8.4 1.24 29.3 23.6 
August 6 

Checks 58.5 7.9 1.50 21.9 14.6 65.8 5.4 1.69 21.2 1235 

Ringed 

only Sey 9.5 1.00 29.2 29.2 59.3 8.1 0.97 27.2 28.1 


it will be necessary to take into consideration the probable situation as 
regards the manufacture and movement of elaborated plant foods in the 
shoots during the particular portion of the growing season included by 
this study. Accordingly, let us assume that from the height of the grow- 
ing season to its close, practically all the carbohydrate materials for the 
growing point are derived from the activities of the leaves of the shoot 
itself. Then the inference may be drawn that ringing will tend to in- 
crease the carbohydrates in the shoot and defoliation to decrease them. 
Tables VII and VIII and Fig. 16 offer evidence that this is actually what 
happened. Along with the increase or decrease of carbohydrates, the 
ratio of carbohydrates to nitrogen is found to rise or fall in value (see 
Fig. 17). An interpretation of the observed growth responses to ringing 
and defoliation may be based on the principle that if ringing retards 
growth it is because the carbohydrate-nitrogen ratio is thereby made un- 
favorably large, and if, on the other hand, ringing accelerates growth, it 
does so because the ratio was previously too small for best growth and 
is thus favorably increased. Correspondingly, if defoliation retards 
erowth it is because the ratio is thereby made unfavorably small, but if 
it accelerates growth it is because the ratio was previously too large, 
so that a decrease is favorable to growth. The record of growth re- 
sponses in Table VI indicated that ringing may accelerate growth in 
mid-season but retard it later, the reverse being true for defoliation. 
These reversals of the growth response may be explained on the ground 
that in mid-season ringing can accelerate and defoliation retard growth 
because the carbohydrates at that time have not quite reached the opti- 
mum percentages (in relation to the nitrogen supply) in the shoots. 
Later in the season, ringing will retard and defoliation accelerate growth 
because the carbohydrate content has come to exceed the optimum for 
best growth activities. While none of the foregoing assumptions, as they 
apply specifically to the present report, can be considered as established, 
they do at least tend to unify in a large measure the various observed 
growth responses and the general chemical changes concurring with 
them. 

The striking effects on growth of ringing plus defoliation may now 
be considered from the standpoint of the chemical changes induced. Re- 
ferring to the data in Tables VII and VIII, we find that the ringed and 
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defoliated shoots have the least carbohydrate and the highest percent- 
ages of water and nitrogen recorded for any other treatment, including 
the checks. Accordingly, too, these shoots have the smallest carbohy- 
drate-nitrogen ratio. The sudden diminution of carbohydrates here 
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Fig. 12. Effects of ringing and defoliation on water content of apple shoots. ‘Top, 
stems. Series B. 
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Fig. 13. Effects of ringing and defoliation on starch content of apple shoots. Top, 
stems. Series B. 

would seem to follow inevitably as a result of the removal of the carbo- 

hydrate-making machinery through defoliation, and the shutting off of 

the supply from below by ringing. The metabolic process of the shoot 
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Fig. 14. Effects of ringing and defoliation on total nitrogen content of apple shoots. 
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must then use up the available supply of carbohydrates very quickly. 
That this great check to growth is due to a deficit of carbohydrates 
seems more likely on the ground that water and nitrogen, the two com- 
monly limiting factors to growth, are more abundant in these shoots 
‘“ | | | 
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| | 
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RINGED ONY —_—_——<———<— — 
DEFOLIATED ONLY ~——-—--——-- 
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2, 3 
Fig. 16. Effects of ringing and defoliation on total carbohydrate content of apple 
shoots. Top, stems, Series B 
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Fig. 17. Effects of ringing and defoliation on carbohydrate-nitrogen ratios content of 


apple shoots. Top, stems. Series B. 


than in those of any other treatment. To translate this idea over to the 
carbohydrate and nitrogen relations, it may be said that ringing plus 
defoliation causes a rapid fall in the value of the ratio below that neces- 
sary for growth activity. 


The sudden check to growth by ringing and defoliation was observed 
in every experiment performed. Curtis' also records the same response 
to this particular treatment. He is inclined to explain it, however, on 
the grounds that the ringed and defoliated shoots have not sufficient 
water, seeing that they have a lower carbohydrate content and a lower 
osmotic pressure, which he observed. But a calculation of the water 
content of these shoots, from the data this investigator presents in 
Table V,* for example, shows that the relative water content of his 
ringed and defoliated shoots is in full agreement with the present 
findings. 
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Fig. 18. Showing carbohydrate-nitrogen ratios (columns) and the relative growth of 
shoots. Tops. Series B. (S) Spitzenburg; (G) Grimes; (ch) checks; (r+d) 
ringed plus defoliated; (d) defoliated only; (r) ringed only. 


Another point to consider here with reference to the chemical data 
is the relative behavior of Grimes and Spitzenburg to the same treat- 
ments. Growth in the Grimes shoots was retarded by ringing and ac- 
celerated by defoliation, the reverse being true for Spitzenburg. The 
question is: Are there chemical differences between the two varieties 
that might be considered significant enough to account for these remark- 
able differences in response to the same treatment? It is feared that it 
will be taken as begging the question to attempt to account for the oppo- 
site behaviors of the two varieties by means of such differences as are 
revealed by the chemical analyses. Attention will be called, however, to 
two or three points which may be worth consideration. First, it will be 
noticed that, taking the results of the chemical analyses as a whole, the 
Grimes shoots have somewhat less water, soluble solid, nitrogen, etc., 
and more insoluble solids and carbohydrates and a larger carbohydrate- 
nitrogen ratio than the Spitzenburg. Were these differences significant, 


ie * Cf, Curtis! p. 107. 
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an explanation would at once suggest itself. To make this matter clear- 
er, Fig. 18 was prepared from the growth and chemical data. In this 
figure the columns indicate the carbohydrate-nitrogen ratios of all the 
variously treated shoots. The differences in the values of the ratios 
(as in Fig. 10) are represented both by the length of the columns and 
the distances between them. The relative growths made after treatment 
are superimposed on the columns as curves connecting the columns of 
the same variety. The maximum growth rates for the two varieties are 
not found to occur at quite the same carbohydrate-nitrogen ratio value, 
the Spitzenburg having a somewhat larger value at the best growth rate. 
Hence it is likely that if there is any significance in the chemical findings 
as accounting for the differences in behavior, it must lie in some charac- 
teristic varietal requirement. 
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Fig. 19. Effects of ringing and defoliation on total nitrogen, total carbohydrates, and 
carbohydrate-nitrogen ratios. Top, leaves. Series B 

Leaf samples. The chief aim in preserving and analyzing the leaves in 
these experiments was to test them as indicators of the conditions within 
the stem. It was thought that if they follow in general the behavior of 
the stem itself, it would be a fact well worth knowing on account of the 
relative economy they offer in collection and analysis. 

The analyses here presented are considerably less detailed than those 
of the stem tissue including as they do, estimations only of water, total 
nitrogen, pentosans, and total carbohydrates. The results are sum- 
marized in Table IX, and graphs for nitrogen, carbohydrates, and carbo- 
hydrate-nitrogen ratio are presented in Fig. 19. The leaves of both 
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varieties give practically the same results. Those of the ringed shoots 
have less water and nitrogen, and much more total carbohydrates than 
the checks. The pentosans fluctuate rather irregularly, although there is 
possibly a tendency for them to be more abundant in the ringed shoots. 
The carbohydrate-nitrogen ratio is very greatly increased by ringing. 
These chemical changes seem to be in general accord in quality, though 
they exceed in quantity, those observed for the stems of the same shoots. 


Bases. Stem samples. The results of the chemical analyses of the stems 
of the basal portions of the shoots are given in Tables X and XI and 
some of the results are further illustrated in Figs. 20-23. 

A general view of the data will show that in both varieties the check 
shoots and the ringed plus defoliated represent the extremes as regards 
most of the chemical changes recorded. The “defoliated only” and 
“ringed only” shoots fall between the above, so that for most of the 
chemical changes these four lots of shoots keep among themselves the 
following order: checks, defoliated only, ringed only, and ringed plus 
defoliated. As regards the amount of most substances examined, the 
above order thus indicates either an ascending or descending variation of 
the substance in question. ‘To illustrate: water, soluble solids, nitrogen, 
and phloridzin increase through the different treatments in the order named, 
while a corresponding decrease through the series is noted for such sub- 
stances as insoluble solids, total sugars, polysaccharides, total carbo- 
hydrates, and carbohydrate-nitrogen ratio. A number of irregularities 
and exceptions will be noticed, however, with the sugars, starch, pento- 
sans, and phloridzin, etc. But the relative order mentioned certainly 
holds regularly enough to be of significance. The most remarkable ef- 
fect produced is the rather large increases in percentages of nitrogen in 
the bases of the “ringed only” and “ringed plus defoliated” shoots (see 
Fig. 20). The total carbohydrates vary in the opposite direction but the 
changes are relatively not so great (see Fig. 21). As a result of this 
interplay of carbohydrate and nitrogen, the carbohydrate-nitrogen ratios 
vary strikingly among the different treatments (see Fig. 22), so that in 
either variety the ratio in the “ringed plus defoliated” bases is only about 
60 percent of that in the checks. 

It might be of interest now to attempt to relate chemical findings to 
the observed regenerative activities of the basal portions. On page 26 
it was recorded that in respect to renewal of growth in the bases, the 
order of increasing activity for the different treatments was as follows: 
checks, defoliated only, ringed only, and ringed plus defoliated. This is 
the same order as established by chemical analysis and it may have con- 
siderable significance. The relation between the regenerative activities 
and carbohydrate-nitrogen ratios is illustrated in Fig. 23, which corre- 
sponds exactly to Fig. 18 both as to scale and general makeup, and 
should be studied with reference to it. It will be noticed that the carbo- 
hydrate-nitrogen ratios in the bases of the checks and the ‘‘defoliated 
only,” where there was no renewed growth, stand outside and to the 
right of the area where regeneration of the bases (see Fig. 23) and 
growth of the tops (see Fig. 18) is most active. The ratio of the bases 
of the Grimes shoots which were ringed only lie very close, however, 
to that of defoliated only. Again, the carbohydrate-nitrogen ratios of 
those bases which showed vigorous regeneration, correspond rather 
closely with best growth area of the tops (Fig. 18). The factors usually 
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TABLE XII. CHEMICAL CHANGES PRODUCED BY RINGING 
AND DEFOLIATION 


Analysis of Basal Leaves. Series B. 


—-———- Grimes - - ——-~Spitzenburg —_—__—_—_— 
Total ‘Total Total Total 
Treatment Pento- nitro-  carbo- Pento- nitro-  carbo- 


and date Water sans gen hydrates C/N Water sans gen hydrates C/N 


June 23 
Checks 61.5 8.1 1.50 2255) 15.0 67.7 9.9 1.54 20.6 1183-53 
July 13 
Checks 60.4 Teo HS) 22.8 14.9 66.3 9.0 NEE 21.5 17 
Ringed 65.4 7.4 1.66 PAA 13.0 75.0 9.2 1.66 20.1 12.1 
Defoliated 61.6 7.8 1.56 20.7 Re. 66.8 8.5 1.66 20.4 12.3 
Ringed and 
defoliated 68.1 Hes) 1.72 20.1 11.8 76.3 1.6 1.79 21.0 D7, 
August 26 
Checks 58.2 Leo 1.49 22.9 15.3 65.4 5) 1.36 21.4 tBG OY 
Ringed 60.3 8.4 59 Zao 13.9 66.0 6.5 1.42 Biles 13.9 
Defoliated 58.8 8.3 1.45 21.4 14.7 63.6 Se 1.45 21 14.5 
Ringed and 
defoliated 64.2 ake eSy/ 20.8 13.2 66.1 SYA 152 20.5 12e5 
jley | | | 
CHECKS oe 
70 RINGED ONLY _ OCU 
DEFOLIATED ONLY .-—- —~——-- 


RINGED +DEFOLIATED ——— -—— 
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Fig. 20. Effects of ringing and defoliation on total nitrogen content. Base, stems. 
Series B 


considered under the topic “growth correlations” are of course involved 
here, and are probably important enough in case of the defoliated shoots 
of both varieties to be the controlling influence (1e., in preventing re- 
generation), seeing that the Grimes “ringed only” showed considerable 
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Fig. 21. Effects of ringing and pease ce oes aie carbohydrate content. Base, stems. 
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regenerative activity. But with or without the influence of “growth cor- 
relation” there seems to be strong evidence pointing to the importance 
of a correct and rather definite relation between carbohydrates and nitro- 
gen, which for brevity and convenience may be referred to as a “ratio.” 

The results of the chemical analyses of the basal portion of the 
shoots of Series B have a direct bearing on the growth responses ob- 
tained by pruning. When a shoot is severely headed, a situation must 
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Fig. 22. Effects of ringing and defoliation on carbohydrate-nitrogen ratios content. 
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Fig. 23. Showing carbohydrate-nitrogen ratios (columns) and approximate relative 
regenerative activity (curve) in bases of shoots of Series B. Uniform with Fig. 18. 
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Fig. 24. Effects of ringing and defoliation on total nitrogen (N X 5) content and 
carbohydrate-nitrogen ratios of apple shoots. Base, leaves. Series B. 
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rapidly develop in the stub very similar to that recorded for the bases 
of the “ringed only” and the “ringed plus defoliated” shoots. A complete 
removal of the upper portion of the shoot, as by pruning, would likely 
be but slightly more severe than a ringing plus defoliation. In such 
case, with pruned stubs added to our series, the order as regards the 
increasing amount of chemical changes brought about in the bases would 
probably be: checks, defoliated only, ringed only, and ringed plus de- 
foliated and pruned. 


Leaf samples. The method of analysis employed for the leaves of the 
base of the shoots was the same as mentioned for the leaves of the top 
portions. The results are given in Table XII and Fig. 24. 

These data show that the variations of water, nitrogen, and carbo- 
hydrates in the basal leaves are in rather close agreement with those 
found in the stems themselves. Throughout the different treatments the 
chemical changes in leaves and stems are about the same in kind and 
degree. 
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Series E was a study of the effects of ringing in relation to stage 
of development of the shoot. 


The ringing experiments carried out in the preliminary study in 1920 
and in Series B of 1921, were always on shoots which had reached either 
the middle of their growth period or were well toward the end of it, 
consequently the early stages of shoot development still remained un- 
observed. But strikingly different growth responses to ringing, both as 
to quantity and quality, were recorded from the above experiments and 
an explanation for these differences was outlined in the preceding pages. 
But, as mentioned, the preceding experiments, while allowing the out- 
lining of an explanation, did not systematically show the range of effects 
to be expected from either ringing or defoliation throughout the growing 
season; in fact, rather sporadically only, they furnished specific examples 
from the period of about mid-season to the end of it. The need of more 
information covering the early part of the growing season, at least, thus 
became apparent. 

The studies to be reported now under the heading, Series E, were 
undertaken with the aim of following closely the superficial effects of 
ringing on growth at different stages of shoot development; the general 
plan of the experiment being to select a large number of shoots very 
early in the season, and to ring different lots of these at approximately 
ten-day intervals throughout the principal part of the growing season, 
keeping record of their subsequent performances. 

For this work 30 Grimes and 33 Arkansas Black trees were chosen 
to furnish the material. These trees were nine years old and were 
selected of a size which would allow them to furnish readily 50 or more 
shoots per tree. The number of shoots actually used on each tree was 
32, one-half of which were untreated checks. On each date of ringing, 
eight shoots per tree were carefully selected, tagged, and measured, 
after which four were ringed just below the base of the new shoot in 
the growth of the previous season (see Fig. 25). On every ringing date, 
therefore, 240 Grimes and 264 Arkansas Black shoots were brought under 
observation, one-half of which were checks. There were four ringing 
dates as follows: May 9, May 21, May 31, and June 27. (See Fig. 25 for 
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appearance of shoots on each ringing date.) The first three lots received 
four measurements subsequent to the ringing date, and the last lot, two 
measurements. In Tables XIII-XV, where the results are summarized, 
only the first two measurements for each ringing period are included, 
All further discussion of these results will be based on the performance 


Se eal 0 Cay May 21) (Or May Si; and (D) uae? 
of the shoots during the first ten to fifteen days after ringing. The 
results of later measurements tell the same general ‘story but taken as 
a whole, do not appear to tell it so clearly. Table XIIT gives the aver- 
ages of all shoots of both varieties, and in this connection it should be 
kept in mind that every growth value recorded in this table is the average 
performance, either of 120 Grimes or 132 Arkansas Black shoots. 
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A glance at this table shows that both varieties behaved much alike, 
and that on some dates ringing retarded and on others accelerated 
growth, or retarded it very slightly. Considering the Arkansas Black 
shoots, for example, on May 9 ringing retarded growth 13 percent;* on 
May 21 ringing retarded growth considerably less, in fact perhaps ac- 
celerated it about 3 percent; but after May 31 there was retardation 
again. The percentage values used above (derived by subtracting the 


TABLE XIII. EFFECTS OF RINGING ON GROWTH OF SHOOTS 
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percentage of growth of the ring shoots from the percentage of growth 
of the checks) do not properly take into consideration the proportional 
effect of ringing to the normal growth of check shoots. It was thought 
that a better indicator of the effect of ringing would be this same dif- 


*In analyzing these data the writer has in view the retarding effect of ringing; 
hence, if there is retardation, a figure representing that retardation is given a plus sign, 
and correspondingly, if there is acceleration of growth, it is considered a negative re- 
tardation and designated accordingly. 
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ference in percentage of growth of the check and ringed shoots, divided 
by the percentage of growth of the checks. The resulting quotient will 
be a decimal fraction which may be changed to a convenient integer by 
multiplying by 100. Values so obtained are given in the last column of 
each section of the table, representing a ringing date; through ignorance 
of a better term these are designated “coefficient of relative growth.” 
If the sign of the coefficient is plus, a retarding, and if minus an accelerating 
effect on growth is indicated. Using the relative growth coefficients 
the graphs shown in Fig. 26 by solid lines were plotted from Table XIII. 
These graphs for both varieties are alike in showing an acceleration of 
growth by ringing on May 21 and retardations on dates earlier or later. 

Table XIII, as stated, is a summary of the performance of all shoots 
under observation. But on examination of the records of individual 
trees, it was noticed that there was considerable difference among the 
trees as regards their growth response. Analyzing these differences, 


TABLE XIV. EFFECTS OF RINGING ON GROWTH OF SHOOTS 
Trees of Group 1 only. Series E. 
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it was found that the trees could be placed readily, according to their 
individual response, into one of the three following groups: 


1. Trees giving graphs characteristic of those plotted from the 
complete summaries of Table XIII. This was the largest group, and 
was represented by 15 Grimes and 22 Arkansas Black, or 50 percent and 
67 percent of the trees, respectively. 


2. Trees giving graphs showing an acceleration effect at the first 
ringing date, May 9, and after that date a continually increasing retard- 
ing effect—a situation which may be explained perhaps by assuming that 
these trees were placed under observation too late in the season to show 
the first retarding effect of ringing. To this group belonged 10 Grimes 
and 9 Arkansas Black trees, or 33 percent and 27 percent respectively. 


TABLE XV. EFFECTS OF RINGING ON GROWTH OF SHOOTS 
Trees of Group 2 only. Series E. 
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3. Trees showing various, apparently inexplicable, irregularities. 
Here must be placed 5 Grimes and 2 Arkansas Black trees, representing 
17 percent and 6 percent respectively. 


Table XIV was prepared from the total averages of the trees of the 
first group above. The graphs plotted from the coefficients of relative 
growth of group 1 only are shown by the heavy broken lines of Fig. 
26. They are seen to differ from the solid line graphs chiefly in showing 
greater contrasting of effects, as was to be expected. 


The data for the second group of trees are presented in Table XV 
and the corresponding curves of relative growth in Fig. 26, where they 
are shown by the short-broken lines. These graphs show a growth accel- 
eration effect by ringing on May 9, but ‘retardation on all other dates. 
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Fig. 26. Effects of ringing on growth of shoots. Series E. Graphs plotted from the 
“coefficients of relative growth.” 


The trees of group 3 above are given no consideration other 
than that they play their part, as previously stated, in the total sum- 
maries of Table XIII. 

The results of this experiment are in general harmony with the find- 
ings of the experiments previously detailed in this report, and seem to 
corroborate the early inferences made from them. It is unfortunate, 
however, that a study corresponding to this was not made for defoliation. 

The diverse growth responses observed for ringing and defoliation 
in the experiments of series A, B, and E, would seem to justify a re- 
statement and extension of the explanation for such responses suggested 
early in this report. The explanation offered appears to apply equally to 
the various growth responses of both ringing and defoliation; if it were 
extended deductively beyond the experimental data so as to include the 
entire season of shoot growth, the treatments mentioned, considered 
singly, may be expected to affect growth at different stages somewhat 
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as follows: (1) If the shoot is emerging from the bud or is still extreme- 
ly undeveloped and practically all nourishment is coming from “below,” 
ringing* will greatly retard growth or almost completely stop it, and de- 
foliation will retard growth also, but rather slightly as compared with ring- 
ing. (2) If the shoot is growing very rapidly, but the season is still very 
early, and the leaves are making a substantial contribution of nourishment, 
ringing will retard growth much less than in the preceding case, but de- 
foliation will retard growth correspondingly more. (3) If growth is near 
the maximum, or, probably, shortly past maximum, and the general move- 
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Fig. 27. Curves illustrating how the different effects of ringing and defoliation on 
growth depend upon the stage of development of the shoot. The ‘rate of growth” 
curve is estimated from the normal seasonal growth curve (which is adapted 
from Reed). The words “retardation”? and ‘“‘acceleration” refer 
only to the effects of ringing and defoliation. 


ment of elaborated foods is now “downward” from the shoot, ringing will 
retard growth very slightly, or may considerably accelerate it, but defoliation 
will have its greatest retarding effect. (4) Toward the close of the growth 
period, when the, accumulation of carbohydrate materials in the shoot is 
already tending to throw the growth mechanism out of adjustment, ringing 
again will greatly retard growth and defoliation will, for the first, and only, 


* Such ringing would have to be made in the branch just below the new growth, 
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time in the season, accelerate it. According to the above assumptions a 
curve representing the relative retardation of growth due to ringing might 
approximate the reciprocal of the normal seasonal rate of growth curve 
(developed from, but not the growth increment curve,* by which growth is . 
usually shown). Therefore such a retardation curve would be high at the 
beginning of the season, and drop to a minimum at the maximum growth rate 
period, but now, in order fully to represent the effects of ringing, it should be 
brought below the axis of abscissas, probably at a point a little to the right 
of the growth rate maximum, to indicate there negative retardation (i.e., ac- 
celeration). From this point it would rise to the end of the season (see Fig. 
27). A curve representing the relative retardation due to defoliation might 
correspondingly approximate the rate of growth curve itself, perhaps depart- 
ing from it most toward the end of the season where it should pass con- 
siderably below the axis of abscissas to indicate that defoliation then accel- 
erates rather than retards growth (see Fig. 27). 


Oy  SINIOGSy IB) 


Series D was a study of the superficial effect on shoot growth of 
different types of defoliation. The study holds a somewhat supple- 
mentary relation to the preceding experimental series, although it was 
carried out prior to Series E, and introduced a new element in the 
methods employed. All defoliations were done on the same date, so 
that the work, unfortunately, is not comparable with the ringing experi- 
ments of Series E. 

The shoots for the present experiments were furnished by three 
eight-year-old trees of the varieties Grimes, Spitzenburg, Gano, and 
Rome. Three types of defoliation were used; namely, (1) complete 
defoliation of the upper portion of the shoot, leaving a basal portion 7 
to 10 cm. long (as in the defoliations of Series B), (2) the removal of 
every other leaf from the lowest basal leaf to the growing tip, and (3) 
complete defoliation of the basal portion only. These defoliations were 
designated “upper,” “alternate,” and “basal” respectively. Ten shoots of 
each of the three types of defoliation, and ten checks, were placed under 
observation on each tree. The defoliations were made June 6, and the 
measurements June 7, July 1, and August 15. 

A summary of the performance of the check and defoliated shoots is 
presented in Table XVI. For the sake of brevity, the first and last 
measurements only are given. There is considerable variation in the 
growth responses of the shoots with the type of defoliation received. 
Defoliation of the upper portion of the shoot retards growth noticeably 
less than either of the other two types. By “upper” defoliation the 
Grimes and Rome shoots have growth accelerated and the Spitzenburgs 
have it retarded. The relative effects of upper defoliation in any of the 
four varieties are not difficult to explain on the basis of previous experi- 
ments, for both the type of defoliation and the responses appear to cor- 
respond exactly with the previous experiments and conclusions. Here 
the Grimes shoots were growing very slowly and were near the end of 
their growing season; the result was an acceleration of growth. On the 
other hand, the Spitzenburgs were still growing rapidly and responded 
oppositely. But a difficulty is introduced by the observed responses to 
“basal” and “alternate” defoliation, where growth is always retarded 
more than in the case of “upper” defoliation. This seeming fact of 


* The curve used in Fig. 27 is adapted from Reed.° 
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TABLE XVI. EFFECTS OF DIFFERENT KINDS OF DEFOLIATION ON 
GROWTH OF SHOOTS 
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> rr ; Difference Coefficient 
2 SE check of rela- 
Sa eat Ma Core ree am ETE eco) 
’ = i on i ie "ine = % <a : ‘i 
0 | Checks 18.8 34.3 1535 S205 eee 
ae Alternate 24.2 °° * 42.0 ss = 73h +9.0 +11 
3 | %g | Basal 24.8 39.0 14.2 We 25.3 +31 
a8 Upper 26.5 44.3 17.8 67.1 aea5.4 +19 
hehecks Ife DS 2 8.1 47° 4 ees 
g 3 Alternate 17 22.9 Re 33.9 =F13.5 +28 
© |S | Basal 20.2 25.4 5.2 255 +21.9 +46 
A Upper 21.8 30.7 8.9 40.8 +6.6 +14 
Checks 17.5 25.9 8.4 49:0. an 2 
z 2 Alternate Wi 22.9 5.2 29.4 +18.6 +39 
@ |S | Basal 23.9 31.4 7.5 31.4 416.6 +35 
a Upper Zee 32.3 11.1 52.4 —4,4 =) 
, [checks 13.9 15.8 1.9 1357 le ee am 
g 2 Alternate 14.8 15.7 0.9 i BEG AL5s 
© |‘ | Basal 18.4 19.5 1.1 6.0 +7.7 +56 
a Upper 20.4 33.4 13.0 63.7 —50.0 —364 


greater retarding effect of basal defoliation, for instance, is not easy to 
explain on a basis of decreased carbohydrate supply alone. But if to- 
ward the end of the growing season, the shoot normally draws most of 
its carbohydrate supply from the activities of its upper leaves, and the 
basal leaves tend to give up a considerable amount of their nitrogen 
(from chlorophyll, etc.) to the growing point for its late season activity, 
the response of the shoots to basal defoliation might thus be easily ex- 
plained. The extreme cases are Grimes and Spitzenburg, where in the 
former growth is greatly accelerated by “upper,’ but apparently re- 
tarded by “basal” defoliation, and in the latter, both treatments retard 
growth about equally. It should be remarked, however, that the results 
recorded in Table XVI may not be as conclusive as desirable, since only 
thirty shoots of each variety and treatment were under observation. The 
growth made by the check shoots, moreover, was sometimes very little. 
For the Grimes shoots it is reasonably certain, however, that “upper” 
defoliation greatly accelerated growth, but the retardation of growth 
attributed to “basal” defoliation is questionable, on account of the 
checks having grown so slightly. 
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The foregoing results have a general bearing on the question of 
growth responses to pruning, and they should aid in a better under- 
standing of the various and often widely divergent pruning responses re- 
ported in horticultural literature. It is to the problem of summer prun- 
ing, particularly, that the present findings appear to have direct appli- 
cation, hence one finds it difficult to refrain from turning over in mind 
this once popular problem, in the light of the observations on growth of 
shoots as affected by ringing and defoliation. The varying degrees and 
frequently the complete reversals of effects produced by these treatments 
immediately suggest the fortuitousness of summer pruning as a means 
of accomplishing a definite result. This suggestion is further emphasized 
by some of the present observations on ringing. Certain of these indi- 
cated that the nutritive mechanism in the shoot may be so delicately bal- 
anced that the range of individual differences in two adjacent trees of 
the same variety may be sufficient so that ringing on the same day will 
produce completely opposite results. The conclusion may also be 
drawn from the results of Series D, that the type of growth response to 
to be expected of a defoliated shoot will depend not only on its stage 
of development, but also on the portion of the shoot receiving defoliation. 

It is of course, easily conceivable that with a general knowledge of 
the various responses to be taken into account, and having much per- 
sonal experience with a specific location and variety, an operator could 
proceed to summer-pruhe with considerable certainty; but as a horticul- 
tural procedure in the hands of the fruit grower himself, it would seem 
that summer pruning will long remain extremely impracticable. 

The results presented concerning the chemical transformations tak- 
ing place in the bases of variously treated shoots would allow the infer- 
ence that one of the most important chemical changes accompanying 
regeneration in the stub of a severely headed shoot, as in summer prun- 
ing, 1s indicated by a relatively large increase in water, nitrogen, and 
other soluble materials, and a decrease in total carbohydrates as well as 
in the value of the carbohydrate-nitrogen ratio. 


SUMMARY 


1. A study, extending through a growing season, of normal chemical 
changes in different regions of apple shoots showed that 


a. Relatively large chemical differences obtain between the tip, mid- 
dle, and basal regions. 

b. Substances which tend, normally, to decrease through the grow- 
ing season are always most abundant in the tip and least abundant in 
the base. Representative of this group are: water, soluble solids, phlorid- 
zin, and nitrogen. 

c. Substances which tend to increase through the growing season 
are always least abundant in the tip and most abundant in the base. 
Representative of the group are: insoluble solids, sugars, polysaccharides, 
and total carbohydrates (and, with respect to value, the carbohydrate- 
nitrogen ratio). 

d. The substances named in paragraph “1 6” above, are those com- 
monly associated with good growth conditions. They are not only most 
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abundant in the tip, but decrease there less rapidly through the season; 
indicating thereby more constant growing conditions in that region than 
previous analyses, involving the entire shoot, were able to show. 


2. Defoliation was found to accelerate or retard growth according 
to the stage of development of the shoot; and, to some extent, according 
to the portion of the shoot defoliated. 


3. Ringing also accelerates or retards growth according to the stage 
of development. But if.ringing accelerates growth, defoliation under the 
same conditions will nearly always retard it, or vice versa. Very early 
in the season, however, growth will be retarded by either operation. 


4. By ringing shoots at intervals through the growth season, a 
complete reversal of the effects of ringing was demonstrated; that is to 
say, early in the season ringing retarded growth, later accelerated, and 
finally retarded it again. 


5. Ringing plus defoliation stops growth in a short time. 


6. The basal 6 to 8 centimeters of shoots which received ringing or 
defoliation, or both, showed regenerations varying with the treat- 
ment. In the order of decreasing regenerative activity the treat- 
ments held the following positions: ringing plus defoliation, ringing 
only, defoliation only, and checks. The amount of activity through this 
series ranged from very considerable to none. 


7. The chemical changes produced in the upper portions of shoots 
by defoliation are indicated by an increased percentage of water, soluble 
solids, phloridzin, and nitrogen; and a decrease of insoluble solids, 
sugars, starch, pentosans, total polysaccharides, total carbohydrates, and 
the carbohydrate-nitrogen ratio. 


8. In the bases of same defoliated shoots, the chemical changes 
indirectly induced differed only from those of the upper defoliated por- 
tion in being less in degree. 


9. The chemical changes produced’by ringing were, in the upper 
portion of the shoot, the reverse of those enumerated as effects of de- 
foliation, that is to say, water, soluble solids, phloridzin, and nitrogen 
were decreased, while insoluble solids, sugars, starch, and pentosans, etc., 
were increased. 


10. Ringing plus defoliation produced the most striking chemical 
changes observed. The responses of the upper portion of the shoot 
were the same in quality, however, as those noted above for defoliation. 
Carbohydrates were probably the limiting factor to growth in these 
shoots, since their content of water and nitrogen was the highest. 


11. The chemical changes produced in the bases of shoots which 
(in their top portions) received ringing, defoliation, and ringing plus de- 
foliation were all the same quality with the responses mentioned for 
defoliation and ringing plus defoliation. But in the order of decreasing 
quantity of the chemical responses, the various treatments stood as 
follows: ringing plus defoliation, ringing only, defoliation only, and 
checks. This order is identical with that given for regenerative activity 
in these bases, a fact which is considered significant. 
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12. A general explanation was offered to unify the diverse growth 
responses of shoots to ringing and defoliation. Tentative curves also 
were prepared to illustrate the various responses to ringing or defoliation 
to be expected at different stages of shoot development. 


13. Suggestions were made toward an application of the recorded 
findings to the pruning question. 
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